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This briefer course follows, in general, tlje plan of 
Shepard's Elements of Chemistiy j but the reader will 
notice that the student i» told, to a. still lesB extent 
than in the lai'ger book, what he may expect t« see 
while working. 

Directions for preparing reagents, and ei^uipping the 
laboratoiy, and discussions of methods of presentation 
are not given hei-e, since these matters are fully ti'eated 
in the larger book, which is now so generally used that 
it is i-eadily accessible to all. 

The subject-matter of this text is so arranged, and' 
the expei'iments are so simplified, that the laboratory 
work will come within the time available in those 
sehoola where but part of the year is allotted to the 
study of chemistiy. The text will also be found accept- 
able in many schools where a special or a technical 
course is offered. 

Data for chemiciil computations given at the begin- 
ning of the chapters, numerous exercises for i-eview or 
advanced course, a close adherence to inductive methods, 
and, wherever possible, careful experimental illustrations 
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of all important facts not readily understood by analogy, 
are features of this briefer course which will, it is hoped, 
commend themselves to the many truly scientific educa- 
tors of the youth in all parts of our land. 

In the chapters devoted to the carbon compounds, owing 
to the unsatisfactory results usually to be had at the hands 
of beginners working with organic substances, it seemed 
best to limit the work to the preparation and discussion 
of the more important compounds and at the same time 
dwelling upon the general laws governing the origin of 
the derivatives belonging to the different series. 

The author takes pleasure in acknowledging the valu- 
able assistance rendered during the preparation of this 
work by Mr. H. Ellsworth Call, of the Des Moines, la.. 
High School ; Miss Ada J. Todd, of the Bridgeport, Conn., 
High School ; Mr. H. N. Chute, of the Ann Arbor, Mich., 
High School; Prof. I. P. Bishop, State Normal and Train- 
mg School, Buffalo, N. Y. ; Mr. J. T. Draper, Pueblo High 
School, Col. ; and by many other prominent educators in 

all parts of the country. 

J. H. S. 
Brookings, March 30, 1891. 




I — El( 



CirBMreTitv. — Eiperimeutation. — Solution. — Erapo- 

I'recipitatlun. — Fil tratiuu. — DBCantaUun. — ReducUou. 

— Elemeiila. — Table of the Elements. — AtoniB. — Synibola. — 

CompoundB. — Ijiw af I>«finite Proportions. — Dalton's Atomic 

Atomic WBigiits. — Molecules. — Molecular FonnulsB. 

Chemisin or Chemical Affinity, — Exercises 1-11 



CHAPTER I. 



' Htdhoi 

H 



:. — Data for Computations. — Oecmrence, — I'reparation 
and I'Tuperties. — Crystallization. — Ozone., — Teats tor Oicygen 

Ozone. — Exercises 13-18 



CnAFTER n. 

Htdhoobn. — Data for CompiitalionH. — Oecmrence. — Preparation 
and Ptopertlea. — Water. — Occurrence. — Preparation and Pri>p- 
erties. — Analysis and Synthesis of Water, — Solvent Action of 
Water. — Heat Capacity of Wultr. — Exercises 19-28 

CHAPTER in. 

^TBOOEN. — Data for Computationa. — Occurrence. — Preparalion 
and Properties. — Ammonia. — Occurrence. — I'reparation and 
Pwpertiea. — Tests for Ammonia. — Oxidea of Nitrogen, — Nitro- 
gen Monoxide : its occurrence, properties, and testa. — Waaidng 
of Gases. — Determination of Moleonlar Weigiita. — la,w at 
Haltiple Proportions. — Avoffadro's Hypothesis. — 'Ilie Nitrogen 
Oxacids, — Nitric Acid. — Occurrence, etc. — Oxidizing Re- 

ICxerclBeH 'la-^^ 



VI CONTENTS. 



CHAPTER IV. 

PAGB 

The Halogens: Data for Computations. — Chlorine. — Occur- 
rence, etc. — Hydrochloric Acid. — Occurrence, etc. — A Group 
Reagent. — Oxides of Clilorine. — The Chlorine Oxacids.— 
Bromine. — Occurrence, etc. — The Bromine Acids. — Iodine. 

— Occurrence, etc. — The Iodine Acids. — Fluorine. — Occur- 
rence, etc. — Hydrofluoric Acid. — Exercises 43-56 

CHAPTER V. 

Binary Compounds. — Higher Compounds. — Acids. — Bases. — 
Salts.— Normal, Acid, and Basic Salts. — Valence. — Substi- 
tuting Power and Valence. — Determination of Atomic Weights 
by Avogadro's Hypothesis. — Exercises 67-64 

CHAPTER VI. 

Carbon. — Data for Computations. — Occurrence, etc. — Stone 
Coal. — Charcoal. — Graphite. — Diamonds. — Lignite. — Car- 
bon and Hydrogen. — Methane. — Ethylene. — Acetylene. — 
Carbon and Oxygen. — Carbon Monoxide. — Carbon Dioxide. — 
Occurrence, Properties, etc. — Exercises 65-78 

CHAPTER Vn. 

Sulphur, Selenium, and Tellurium. — Data for Computations. — 
Sulphur. — Occurrence, etc. — Hydrogen Sulphide : its occur- 
rence, etc. — Oxides of Sulphur. — The Sulphur Oxacids. — Sul- 
phurous Acid : its occurrence, etc. — Sulphuric Acid : its occur- 
rence, etc. — Nordhausen or Fuming Sulphuric Acid. — Test for 
Thiosulphates. — Carbon Disulphide. — Selenium and Tellu- 
rium. — Exercises 79-91 

CHAPTER Vin. 

Silicon: its occurrence, etc. — Tests for the Silicates. — Boron: 
its occurrence, etc. — Tests for Boric Acid and its Compounds. 

— Phosphorus: its occurrence, eta — PhosDhonis and Hydro- 
gen. — The Phospnorus uxacias. — rnosplioric ivcia, ana ns 
Tests.— Exercises 92-99 



CHAPTER IS. 
TfiE Metala. — ^Properties of tiie Metals. — 
[ Alloys. — ClasaiHcation of the Metala. — The First Group 
f Metals. —The Seooad Group Metals. — The Third Group Metals. 
I —The Fourth Group Metals. —The Fifth Group Metals . . 100-103 

CHAPTER X. 

■ FtBSi Group Metals. — Data for Computations. — Load. — 
• Occuirenca and Preparation. — Properties and Compounds. — 
I Tests for Lead. — Silver. — Occurrence and Preparation. — Prop- 
I'ertJes and Compounds. — Tests for Silver. — Mbhcurt. — Oc- 

— Separation and Identification of Lead, Silver, 
I And Mercury. — Exercises 104^113 

CHAPTER XI. 

■ SBOoyn Gbokp Mktals. — Dat^i for Computations. — Arsemtc. 
— Ooourrenee and Preparation. — Properties and Compounds. — 
Tests for Arsenie.^ AsTiMONv. — Opcurrenee and Preparation. 

- Properties and Compounds. — Teats for Antimonj. — Tm.— 
t Occurrence, etc.— Bismuth. — Gccurrenee, etc. — Coi-i-eh. — 
■Oocurrence, etc. — Cadhidh. — Occurrence, ett. — Analysis of 
■^ Seoond Group Metals.— Exercises 114-130 

CHAPTER xn. 

t Thieo Gkoitp Metaw. — Data for Computations. — Ihon, — 

Occurrence and I'mparatiou. — Steel. — Properties and Cow- 

pounda of Iron. — Tests for Iron. — Teats for Ferro- and Ferri- 

' Oyanic Acids. — Chromium. — OccurreDce, etc. — Aluminium. 

— Occurrence, etc. — Niokkl. — OocurrDnce, etc. — Cobalt. — 
Jctnuxence, etc. — Manoanesb. — Occurrence, etc. — Zisc. — 

^ OcouiTcnce, etc. — Analysis of the Third Group Metals. — Eier- 

131-147 

CHAITEH XIII. 

X Fourth Group Mbtals. — Data for Computations. — BAniCH. 

•- Occurrence and Preiiarutiou. — Properties and Compounds. — 

RTests. — Stbostiiim. — CJccurrence, etc. — CAij.'irB, — Oi*iir- 

r»ncc, eti^.^MA'iSKMiJM. — Uccurrence, etc. — Annlyais of the 

1 B'mirt.li Group Metals. — Exercises VWr-V*. 



Viii CONTENTS. 

CHAPTER XIV. 

PAOI 

The Fifth Group Metals. — Data for Computations. — Potassiijm. 

— Occurrence and Preparations. — Properties and Compounds. — 
Test. — Sodium. — Occurrence, etc. — Ammonium. — Ahaltsib 
OP an Unknown Substance. — Solution. — Detection of Bases. 

— Detection of Acids 166-167 

CHAPTER XV. 

Introductory to the Carbon Compounds. — Oiganic and Inor- 
ganic Substances. — Homology. — Table of the Hydrocarbon 
Series. — Names of the Members of the Hydrocarbon Series. — 
Elementals and Derivatives. — Substitution. — Addition Prod- 
ucts. — Unsaturated Radicals of the Paraffin Series. — Isomerism. 

— Uniformity among Derivatives 168-175 

CHAPTER XVI. 

The Paraffin Series, C«n2n+2. — Occurrence and Preparation. — 
Properties. — Methane and its Derivatives. — I. Haloobn 
Derivatives. — Chlor-Methane, or Methyl Chloride. — Trichor- 
Methane, or Chloroform. — lYi-iodo-Methane, or Iodoform. — 
Oxygen Derivatives. — Methyl Alcohol, or Wood Alcohol. — 
Methyl Ether. — Methyl Aldehyde, or Formic Aldehyde. — For- 
mic Acid. — Nitrogen Derivatives. — The Methylamines. — 
Cyanogen and Hydrocyanic Acid. — Nitro-Methane. — Derfva- 
TFVES WITH Sulphur, Arsenic, Phosphorus, etc. — The Mercap- 
tans, Phosphines, Arsines, and Stibines. — Metallic Deriva- 
TivKS. — Ethane and its Derivatives. — Oxygen Derivatives. 

— Ethyl Alcohol. — Ethyl Ether. — Ethyl Aldehyde. — Acetic 
Acid, Soap, Ethyl Nitrate 176-200 

CHAPTER XVn. 

The Olefine Derivatives. — Ethylene. — Lactic Acid. — Oxalic 
Acid. — Succinic Salt. — Malic Acid. — Tartaric Acid. — Citric 
Acid. — Glycerine, Glycerol, or Propenyl Alcohol. — Oleic Acid. 

— Acetylene Derivatives. — Linoleic Acid. — Mannite, or 
Manitol 201-207 



CONTENTS. IX 

CHAPTER XVm. 

PAGE 

The Carbohtdrates. — The Sucroses, — Milk Sugar, Lactose. — 
The Glucoses. — Grape Sugar, Dextrose, or Glucose. — The 
Amtloses. — Starch, or Amylum. — The Gums. — Cellulose. — 
Gun-Cotton. — TheGlucosides 208-217 

CHAPTER XIX. 

The Terpenes. — The Benzenes. — Benzene. — Phenol, Phenyl 
Alcohol, or Carbolic Acid. — Resorcin, and Pyragallol. — Nitro- 
benzene. — Aniline, Amidobenzene, or Phenylamine. — The Tol- 
uenes. — The Sttrenes, or Cinnamines. — The Naphthalenes. 
— The Anthracenes 218-227 

CHAPTER XX. 
The Alkaloids and the Albuminoids 228-230 



rNTEODUCTIOIT 



1. Origin of Chemirtry, — The rudiments of the science 
of Cliemistry may be tr.iced back to the ancient Egyptians. 

About 640 A.D. tiie Arabs invaded Egypt, where they 
obtained a knowledge of the sciences practised there. Dar- 
ing the Middle Ages they preserved this knowledge, and 
from their academies in Spain as centres, it gradually spread 
over all parte of the cLvdized world. Up tu this time the 
main inducement for studying and practising chemistry 
was a liope of discovering the Pliilosopher's Stone, a stone 
that should change the baser metals into gold. Dui-ing 
these researclies many importajit facts in inorganic chem- 
istry were discovered. 

From the fifteenth to the seventeeTith century the Elixir 
VitcB, or Elixir of Life, a cordial that should cure all the 
ills of mankind and give perpetual youtfi. was the chief 
object sought. In this search many valuable medicines 
were discovered. 

During tlie seventeenth century the properties of gases 
were investigat«d, and in both this and the succeeding 
eentury other important advances were made. 

Notwithstanding all previous advancement, however, the 
modern science of Cliemistry is emphatically a product of 
the present contmy. 

2. Experimentation. — Th<^ ffreatest hindranci.' to chemical 
in the past lay in the fitct that the Hewvwc ^1 fs..- 
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perimenting was not well understood. Erroneous theories 
were advanced and believed in for centuries. These theo- 
ries were finally overthrown by the rigid test of experiment, 
and thus progress and improvement were made possible. 

When we experiment with a substance, we so treat it that 
we may ascertain its properties and behavior. 

In experimenting with substances, the chemist finds fre- 
quent use for such processes as Solution, Evaporation, 
Precipitation, Filtration, Decantation, Reduction, Distilla- 
tion, and Electrolysis. Excepting the two latter, which 
will be explained hereafter, these processes may be illus- 
trated by experiments. 

3. Solution. — Experiment 1. Place about a gram of com- 
mon salt (NaCl) in a test-tube, and then fill the test-tube half 

full of water. Now gently heat the tube 
in the Bunsen flame (Pig. 1) ; frequently 
cover the mouth of the tube with the thumb 
and shake. 

Exercise. What becomes of the salt ? Define 
the process called '* solution." What is a solu- 
tion ? Define solids ; liquids ; gases. 



4. Evaporation. — Exp. 2. Place a few 
drops of the salt solution obtained in Exp. 
1 on a piece of tin or in an iron spoon. 
Now warm gently till the water has disap- 
peared. 




Fig. 1. 



Ex. What became of the water ? What remains on the tin ? Define 
evaporation. What is the object of evaporation ? 



5. Precipitation. — Exp. 3. To about one-half of the salt 
solution (Exp. 1) add nearly an equal volume of a solution of 
silver nitrate (AgNOg). 
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Ex. What takes place P (The Hilver of the sUver nitrate has united 
■with the clUorice of thu comman salt to fonn the solid silver chloride, 
AgCl, thus removing Che chlorine from tlie ealt solution, or the silver 
fnan the silver nitrate solution.) Wliat i» the object of precipitation ? 
Why would not evaporaUon do inatead ? Define pruuipitation ; precip- 



itate. 



V 




L 



. 6. Filtratioil. — Exp. 4. Support a funnel 
ou ariny-stainl, and place a beaker uurlerneatli 
the fuunel ; fold a round tilter-pajjer twicf 
(Fig, 2), making the folda at right angles to 
each other; place the point of tlit paper in the 
funnel, and ojien one of the pockets formed by 
folding the paper : into this jiocket pour the 
contents of the tube used in Exp. 3. '"" "' 

Es. Wliat occurs ? What is the object of filtration ? Would evapi.- 
ratifin have answered as well;' Try it. Define (iliratiun ; filtral*. How 
i-an you wasli the precipitate wliilo it la on the filter-paper ? 

7. Becantatioii. — Exi-. 6. Precipitate the remainder of the 

salt solution (Exp. 1) with silver nitrate ; warm gently, and 
allow the tube to stand for a few minutes. Now pour off the 
solution, leaving the solid precipitate in the tube. 

Ex. What have you actoniplislied ? 
Define deuaniation. How can you wash 
a precipitate by decaiitation '/ Compare 
decantation with filtnklion, 

8. Beduction. — Exp. G. Into a 
piece of charcoal bore a hole with 
the point of a penknife, and in this 
hole place the precipitate obtained 
in Exps. 4 or 5. Now heat this 
precipitate in the blow-pi[>e flam<- 
(yig- 3). 




What liecamp of the chlo- 
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9. Elements. — In the last experiment silver was obtained 
from a substance that did not at all resemble silver. In 
fact, silver was reduced from its chlorine compound. Chem- 
ists have found, however, that neither the silver nor the 
chlorine can be further divided; hence these substances 
are called elements. 

Definition. A chemical element is a substance that cannot be divided, 
or at least has not been divided, into simpler substances. 

At the present time about seventy different elements are 
known. Of course it has not been possible to examine 
every portion of the earth's crust for elements, but such 
elements as are now discovered from time to time occur 
only in very small quantities. 

Again, it is possible that some substances now known to 
us as elements may prove to be compounds as our appli- 
ances for chemical investigation are improved. 

Among recent discoveries the finding of Argon and 
Helium deserve special mention. Argon is a gas con- 
stituting nearly one per cent of the atmosphere. It is 
less active chemically than nitrogen and has an atomic 
weight of about A = 40. 

Helium was first discovered by means of its spectrum 
in the sun's chromosphere. But it has now been found 
in Uranite, an impure uranate of lead, and in the waters 
of certain springs in the Pyrenees, and in the Black 
Forest. It is a gas possessing feeble chemism, and it 
has an atomic weight of about He = 4. 

Didymium has recently been separated into Neodymium, 
Ne = 140.5, and Praesodymium, Pr = 143.5. 

The following table gives a list of the elements. The 
first column contains the names of the elements ; the signi- 
fication of the other columns will be explained further on. 
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10. A Table of the Elements. 



L Nunoo. 


Symbol.. 


Wef^w. 


cond^Uan Dl 


sp^uo a™,ii.,-. 


F 

Aluminum 


Al"" 


27. 


Solid 


2.60 


Antimony 


Sb"'- 


120. 




6.71 


Arsenif 


_4g.»,V 


75. 




6.73 


Barium 


Ba" 


137.4 




3.75 


Beryllium 


Be" 


9. 




2.07 


Bismuth 


Bi'"'* 


208. 




9.80 


Boron 


B"' 


IL 


" 


2.5? 


Bromine 


Br'' 


80. 


Liquid 


3.187 


Cadmium 


Cd" 


112. 


Solid 


8.60 


Caesium 


Cs' 


i;}.3. 


" 


1.88 


Calcium 


Ca" 


40. 


" 


1.57 


Carbon 


C"" 


12. 


t' 


3.5-.6 


Cerium 


Ce'"-"" 


140.2 




6.68 


Chlorine 


CI'' 


:'.5.5 


Gas 


2.450 


Chromium 


Cr""'-' 


r>2. 


Solid 


G.50 


Cobalt 


Co"'"" 


OT.5 




8.5-7 


Copper 


Cu" 


03.6 


'■ 


8.95 


Didymium 


D"' 


142.3 


" 


6.54 


Erbium 


E"' 


ir.G.3 






Fluorine 


F' 


li). 


Gas 


1.313 


Gallium 


G"" 


m. 


Solid 


5.95 


Gold 


Au''"' 


107.3 


" 


19.32 


Hydrf^eu 


H' 


1. 


Gaa 


0.069 


Indium 


Id'"' 


113.7 


Solid 


7.42 


Iodine 


I'.. 


127. 


" 


4.948 


Iridium 


Ir"'""''^ 


103. 




22.42 


Iron 


Fe"-"">'' 


rfi. 




7.86 


Lanthanum 


La"' 


138.2 


" 


6.10 


Lead 


Pb''. "" 


207, 




11.37 


Lithium 


Li' 


7- 




0.59 


Magnesium 


Mg"'""'-' 


24.3 




1.74 


Manganese 


Ml." 


55. 


" 


8.03 


Mercury 


Hg" 


200. 


Liquid 


13.55 


Molybdenum 


Mo".""-> 


%. 


Solid 


8.60 


Mickel 


Ni"''"' 


5S.7 


" 


8.90 
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Namei. 


SymbolH. 


Wfighto. 


Pbysiol 
condllion at 
ordinnrj 


Bpecifle Gravity. 


Niobium 


Ni.' 


94. 


Solid 


7.06 


Nitrogen 


N'"'- 


14. 


Gas 


0.971 


Osmium 


08"."".vi 


190.8 


Solid 


22.48 


Oxygen 


0" 


16. 


Gas 


1.105 


Palladium 


Pd"-"" 


106.5 


Solid 


11.40 


Phosphoms 


P',"'.. 


31. 


1 


ColorlesB 1.8 
Red 2.20 


Flatiuum 


Pt"' "" 


li)o. 




21.50 


Fotassium 


K' 


39. 




0.87 


Rhodium 


Ro"."".'i 


103. 




1-2.10 


Rubidium 


Rb' 


R5. 




1.52 


Rutlienium 


Ru "■""■■'■ 


101.6 




12,26 


Samarium 


Sm 


150. 







Scandium 


Sc 


-14. 




— 


Selenium 


Se"-""." 


79. 




4.50 


M\mn . 


Si"" 


2S.4 




2.3D 


SUver 


Ag' 


108. 




10.53 


Sodium 


Na' 


23. 




0.078 


Strontium 


Sr" 


87.0 




2.54 


Sulphur 


S"'""-" 


32. 




2.05 


Tantalum 


Ta' 


1S6.G 




10.40 


Tellurium 


Te".""." 


125. 




e.40 


Terbium 


Tb 


160. 






Thallium 


TIV" 


204. 




11.85 


Thorium 


Th"" 


232.6 




11.00 


Tin 


Sn"."" 


119. 




7.2y 


Titanium 


Ti"."" 


48. 






Tungsten 


W""-" 


184.9 




19.12 


Uranium 


U""'" 


239.6 




18.70 


Vanadium 


V"'.' 


61.4 




5.50 


Ytterbium 


Yb 


173. 




— - 


Yttrium 


Y'" 


89. 




— 


Zinc 


Zn" 


65.3 




7.15 


Zirconium 


Zr"" 


90.C 
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11. Atoms. — It is the prevailing belief that matter is 
inaile up of extJ'Cmely miuute, indivisible particlea called 
atoms. Many reasons lead to the conclusion that all the 
atoms of the same element are alike, hut that they are 
unlike the atoms of any other element. 

12. Symbols. — It is often convenient to represent the 
name of an element by some letter or letters, as H for 
hydrogen, O for oxygen, Cd for cadmium, etc. In 
the second column of the table (Art. 10) are given the 
symbols commonly employed. These symbols are also 
used for other purposes, tlius : H also stands for an atom 
of hydrogen, for an atom of oxygen, etc. When we 
wish to rejiresent more than one atom, figures are used, 
thus: 2H means two atoms of hydrogen; 3H, three 
atoms ; etc. Subscript figures are U8e<l for the same pur- 
pose when more than one symbol is needed to represent 
certain substances; thus: H,0, water; NHa, ammonia; 
CjH,, ethylene; etc. 

Some elements have symbols derived from their Latin 
names. This is perplexing to the student, but tliis hst 
will explain : — 





Sb, fn. 


n Sti!>iuin. 


Potassium 


K, trii 


n Kaliuin. 


Copper, 


Cu, " 


Cuprum. 


Silver, 


Ag. " 


Argeiitum. 


Gold, 


Au, " 


Aunim. 


bkKlium, 


Na, " 


Natrium. 


Iron, 


Fe, " 


Ferrum. 


Tin, 


Sn, " 


StAnnum. 


Load, 


Pb, " 




Twigstoii, 


W, " 


WoUramium 


Mercory, 


Ug, " 


Hydmrgynim. 









NoTB. At the right of tiie symbols in thti table the imlii'pu anil numer- 
als are oeeil to indicate the valfuco (Art. 711) uf tlie elements. The 
aymbois are commonly written witliout these. 

13. CompoimdB. — Exp. 7. Mix thoroughly O.f;*!* very fine 
iron filing,'!! and 0.32* fiowers of auljthur. Place this oi.^.■4.^^»% 
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in an iron spoon, and heat it to redness in the Bunsen flame. 
The iron and sulphur combine, forming the chemical compound, 
ferrous sulphide (FeS). 

Ex. Define a chemical compound. Compare the ferrous sulphide with 
the iron and sulphur of which it is composed. 

14. Law of Definite Proportions. — When elements unite, 
as in the case of iron and sulphur, it has been proven that 
they alwaj^'s unite in fixed and definite proportions. For 
example : 56 parts, by weight, of iron always unite with 
32 parts of sulphur, to form ferrous sulphide (FeS). Again : 
23 parts of sodium always unite with 35.5 parts of chlorine 
to form common salt (NaCl), etc. The law may be stated 
in this form : — 

Any given chemical compound always contains the same 
elements in the same proportions hy weight, 

15. Atomic Theory. — To account for the union of ele- 
ments in definite proportions by weight, the supposition 
has been made that the atoms of the elements are the units 
between which the union takes place. 

The simplest case is where one atom of one element 
unites with one atom of another, as in common salt 
(NaCl), where one atom of sodium unites with one atom 
of chlorine. The next case is where two atoms of one ele- 
ment unite with one atom of another, as in water (H^O), 
where two atoms of hydrogen unite with one of oxygen. 
Other relations also exist with which the student will soon 
become familiar. 

16. Atomic Weights. — It is evident that, however small 
atoms may be, they must still have some weight. It is 
true that the weight of the heaviest atom is so slight that 
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it could not be determined by the most delicate balance 
ever constructed, but it ia also true that it is not neces- 
sary to know the absolute weights of the atoms. If we can 
determine their relative weights, all purposes will be suffi- 
ciently answered : and this has been done. For this pur- 
pose the hydrogen atom has been taken as unity, and tlie 
relative weights of the atoms of the other elemente, as 
compared with the hydrogen atom, liave been detei'niined. 
How this has been accomplished will be explained liere- 
after ; for the present it must suffice to say that the atom 
of oxygen ha« been estimated to be 16 times as heavy as 
the hydrogen atom, the atom of iron 56 times as heavy, 
and the atom of mercu!7 200 times as heavy; and so, like- 
wise, certain numliera liave been assigned to the utums of 
all the known elements. Now, these numbers are called 
the atomic weiglita of the elements. 

Moreover, since these numbere fix the ratios in which 
the elements combine, they ai-e also called Combiniitg 
Numher» ; e.g. 56 and 32 are respectively the combining 
numbers of iron and sulphur. The atomic weiglits now 
assigned to the elementa are given in the third column of 
Art. 10. 

17. Kolecnles. — We have already learned (Exp, 3) that 
the atoms of silver unite with the atoms of chlorine to form 
silver chloride. If we consider a quantity of silver cliloride 
containing but one atom each of silver and chlorine, it is 
evident that no smaller quantity of silver chloride could 
exist, since the atoms themselves are indivisible ; and if 
we take away, for example, the atom of chlorine, free silver 
in obtained (Exp, 6). To such a smallest possible quantity 
of It chtrmical etimpfiund thiit can exist as such the tenu 
Molecule is applied. 
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18. Molecular Formulae. — In representing the molecules 
of compound bodies, the symbols of the elements composing 
those bodies are written side by side, thus : silver nitrate, 
AgNOg; sulphuric acid, H2SO4; potassium nitrate, KNO3; 
etc. If we wish to write any number of molecules of a 
substance, figures are used : thus, 3 KNO3 means three 
molecules of potassium nitrate ; 2 H2O, two molecules of 
water; etc. 

In the case of the molecules of the elements it is cus- 
tomary to write the number of atoms in the molecule by 
means of a subscript figure : thus, H2, Og, Ng, etc., represent 
molecules. 

Note. It has been a very difficult task to determine the molecular for- 
mulae of the compounds. How this may be done will be explained in a 
subsequent chapter. 

Ex. Determine the number of oxygen atoms represented in the fol- 
lowing : 3 H2SO4 ; 8 HNO3 ; 16 KjCr^O, ; 24 ILjO ; 5 Ca(N03),. 

19. Chemism, or Chemical Aflinity. — The force causing 
atoms to unite with one another to form molecules is 
called Chemism, Between the atoms of any two elements 
this force is always a constant quantity ; but it varies for 
the atoms of any other element when taken with either of 
these two elements. 

EXERCISES. 

{For Review or Advanced Course.) 

1. Attach threads to the four corners of a small scjuare of wire gauze, 
and then place on the gauze a crystal of copper sulphate, CuSO^. Now 
suspend the crystal on the gauze in a beaker of water. Note the phenom- 
enon of solution. 

2. Will alcohol dissolve in water ? Will sulphuric acid ? Will oil ? 
Will camphor gum dissolve in water ? in alcohol ? What will dissolve 
rubber gum ? 

3. Place a beaker of fresh well-water in a warm place, and allow it to 

9 

remain quiet for some time. What collects on the sides of the glass ? Is 
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air aolnbic in water ? la ammonia gas 1 Name some other ga,Bes that 
are soluble in wuter. 

4. DeSne a solvent ; a menatruum ; a tincture \ a fluid extract ; a sat- 
niated solution ; a dilute aolution. 

5. Carefully we^h an evaiiorating-dish, and then place iu It exactly 
0.G5K zinc Place tbe evaporating-dish dd. the sand-bath, and cover Uie 
w\v, with hydrochloric acid, HCl. Ueat the Band-bath gently, and add 
more hydrochloric acid, if necesaary, till the zinc ia all diaaolved. You 
thus ohtaiu a solution of zinc cliloride, ZnCl,. Now carefully evaporate 
this solution to dryness, and then place the evapara.ting-dlsh tmder a 
small beil-glaas till the dish and it» contents are uool. Rapidly weigh the 
dish and its contents, and from this weight subtract the weight of the dish. 
Thie gives the weight of live zinc cliloride. From this last weight auhtract 
the weigiit of the zinc, and thus obtain the weight of the chlorine that 
united with the zinc. 

From the formula ZnCL, it appears that 0.71 parts of chlorine should 
unite with O.OG parts of zinc; hence the zinc chloride should weigh 
0.66k + 0.7U = 1.36«. What does this experiment show? 

Note. Owing \o experimental errors and to the influence of moisture, 
these results will only be approximated. 

U. Moiaten with water a pine splinter or a partly burned mateh, and 
dip It into dry powdered sodium carbonate, Na,CO,. Ileat the match in 
the Bimsen florae till dry and charred, U the match be not coated with 
the oarboualf, moisten, and proceed as before. With tlie warm match 
take up a small bit of silver cliloride (Exp. .1), which is to he heatol in 
tbe Bunsen flame. 

Do you tlms obtain a bead ? Compare witli Exp. «. Try iu this way 
some compounds uf lead and copper. 



CHAPTER I. 

OXTGEN. 

Data for Computations. — Symbol, O ; Molecular Formula, O^ ; Atomic 
Weight, 10 ; Specific Gravity, 1.1056 ; Weight of V at 0° C. and VBO""™, 
1.480K. 

20. Occurrence. — Oxygen is the most abundant of all 
the elements. It occurs free in the atmosphere, of which 
it constitutes about 23 per cent by weight. In its com- 
pounds oxygen occurs most plentifully, since from 44 to 
48 per cent by weight of the earth's crust, and 88 to 89 per 
cent by weight of water, consists of oxygen. Every element 
except fluorine unites with oxygen to form compounds. 

21. Preparation and Properties. — Since oxygen occurs free 
in the atmosphere, we have all had some experience with 
it in that form. As it thus occurs it is largely diluted with 
nitrogen and other gases. Notwithstanding our familiarity 
with atmospheric oxygen, it will be well, in this connection, 
to make one or two experiments. 

Exp. 8. Ignite a common match, and when burning freely 
hold the tip upward. Note the flame, and how the match is 
consumed. When a portion of the match is charred, extinguish 
the flame, and note the behavior of the glowing coal which 
remains. 

Exp. 9. Cease breathing for about fifteen seconds, and note 
the effect upon the system. 

Ex. When the flame is extinguished, does the match still continue to 
waste away ? How does the flame differ from the slow hurning of the 
J2 



cool f What remains aft«r tlie cliarcrial has burned away ? le wood an 
element or a, wi;np<)unii ? For how long a time would it be safe to " Itold 
the breatli " ? Define snSocation ; atrangulntion ; aspbyxiation. 

The two great uses of free atmospherio oxygen are to 
support respiration and combustion. 

AU animals consuine free oxygen during respiration. 
In the case of air-breathing animals the blond, while 
jiaasing through the lungs, is thoroughly brought into 
contact with the air ; and tliua is the blood pui'itied. In 
waterJjreatJiing animals, like fishes, gills ttvke the place of 
lungs ; while in the still lower orders, pores and spiracles, 
distributed over the surface of the Ixidj', serve a like purpose. 

When we say a body bums, it is equivalent to saying that 
it unites with oxygen. In fact, when wood, coal, gas, oils, 
etc., are burning, these substances are entering iuto chem- 
ical combination with the oxygen of the air. A flame is a 
burning gas ; hence solids must be heated to a temj>erature 
(the kindling-point) high enough to convert tliem into 
gases before flames are produced. Substances may oxidize 
or burn at high or low temperatures. When flames are 
produced, the temperature is high ; but when iron is rustr 
ing, or wood rotting, or oxygen combining vnth the im- 
purities of the blood, the tsmpeiuture is low. It matters 
not, however, at what temperature the oxidation may oc- 
cur ; a given weight of a sulBtanoe, when oxidized, always 
produces the same quantity of lieat. 

Ex, I>t!litie (^ombuBtion ; oxidation. Why can a lump of coal not be 
Ignited by means of ii matiiU ? Explain the philoBopliy oX " kindling- 
wond." Wliy dues Miiwing a fire liitsten coniliustlou, while the wime 
treatment wimlil extinguish a catidlu flauieP Explaiu the use nf cliiiii- 
n^8, drafts, and dam|>er)i in stoves and furnaces. 

Pure oxygen viiries much fitmi the diluted gsus in the 
phenomena wliich it cxliihits during comhiiatiou, TW;!^ 
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are several ways of preparing pure oxygen, but the best 
ones are by decomposing its compounds, such as red oxide 
of mercury or mercuric oxide, HgO, and potassium chlo- 
rate, KCIO3, by means of heat. 

Exp. 10. Place a small quantity of mercuric oxide in a test- 
tube. Heat the test-tube just under the oxide in the Bunsen 
flame for a short time, frequently inserting a glowing match. 

Ex. Compare with Exp. 8. What collects on the sides of the tube ? 
Into what substances has the oxide of mercury been separated ? Has 
oxygen an odor? any color? Why are these two latter facts wise 
provisions ? 

This method of preparing oxygen would be too expensive 
when large quantities of that gas are needed for laboratory- 
purposes. In the latter case potassium chlorate is used. 
In order to have the gas liberated at as low a temperature 
as possible, one-fourth part, by weight, of* black oxide of 
manganese or manganese dioxide, MnOg, is mixed with 
the potassium chlorate. The manganese dioxide under- 
goes no change, but the potassium chlorate is reduced to 
potassium chloride, KCl. 

Exp. 11. Place a small quantity of this mixture in a test- 
tube, and proceed as in Exp. 10. Compare the results with 
that experiment. 

Exp. 12. Place (say) 100« potassium chlorate and 25« man- 
ganese dioxide in an oxygen generator. Be sure that the 
chemicals are pure. Heat carefully, and collect the gas in 
gas-bags or in jars over the pneumatic trough, or in gas- 
holders. Now prepare the materials for the following exper- 
iments, which are best shown in a darkened room. 

Exp. L3. Make a pencil of bark charcoal, and tie around 
it an iron wire. Ignite the charcoal, and by means of the 
wire lower it into a jar of oxygen. Note the scintillations. 
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Exp. 14. Draw the temper from a watcli-spring by heating- 
it in the Bunsen flame, and uncoil it. File one end thin, and 
benO it into a loop. Now heat the loop, and make a sulphur 
tip fur the spring by dipping the heated loop into flowers of 
8ij.phur. Ignite the sulphur, and carefully piaee the spring 
in a jar of oxygen. Kote 
the sulphur flame and the 
combustion of the spring 
(Fig. 4). 

ExF, 15. Make a small 
pencil by twisting together 
fine iron wires ; tip it. witli 
sulphur, and proceed as in 
the last experiment. 

B bottle with 
a removed, and reatang ' 
i dinner-plate (^ontaiuing witl^ 
^ maJcea a, good unil chttap appni 
tU8 for tli« last three experlmeiil 
ftDil it will alau answer for t 
next enperiment i( no globe te :ir 
p JbAud. 

Exp. 16. Place a bit of dry phosphorus as large as a pea in j 
% dBfl^rating-spoon, always remembering to handle the pho^ J 
i with pincers, and not with the fingers ; ignite the J 
^osphorus, and lower it into a glolie of oxygen gas, Ifota j 
i color of the fliune. This experiment produces what is | 
8 the " Phosphorus Sun." 

If Xs. All these ex]icriments famish examples of what? Write a short 

)f eai'li experiment. Why do those phenomena r 

(ixyh'eo \' Ennmeiate the properties of oxygen. 

82. CrystalliEation. — Exp. 17. Place the residue remain- 
It in the oxygen generator (Exp. IJi) in a lai^e beaker-glass, 
i idd about a litre of hot distilled water. K^\a.\» "< 
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tents of the beaker with a glass rod until the lumps have all 
disappeared; the potassium chloride is now dissolved, while 
the manganese dioxide is unaltered. Pour the contents of the 
beaker on a large filter-paper fitted to an appropriate funnel, 
and receive the filtrate in a large evaporating-dish. Now 
evaporate the contents of the dish down to less than ^\ and 
then set the dish away to cool, leaving it for several hours un- 
disturbed. Crystals of potassium chloride will form in the 
dish. These crystals may be removed from the solution by 
filtering through a fresh filter-paper ; and they may be dried 
by simply allowing them to remain on the filter-jmper, exposed 
to the air. A second crop of crystals may be had by concen- 
trating the remaining solution ("mother liquor"), and cooling 
as before. 

Note. The manganese dioxide may be dried on the filter-paper and 
put away for future use. 

Ex. What processes were employed in obtaining the crystals ? Define 
crystallization ; ** mother liquor " ; a crystal. 

23. Ozone. — Oxygen exists in a peculiarly modified and 
unstable form called ozone. In this form three volumes 
of ordinary oxygen are condensed to two volumes ; accord- 
ingly the formula of its molecule is written O3. 

Ozone occurs free in the atmosphere in minute quan- 
tities, probably being produced through the agency of 
electricity 'and by the vaporization and condensation of 
atmospheric moisture. 

Exp. 18. Fill a test-tube about one-third full of a satu 
rated solution of potassium permanganate, K2Mn208, and then 
cautiously add a few drops of sulphuric acid, H2S()4. Test 
the escaping gas by a glowing match. Note the odor. Sus- 
pend in the tube a strip of paper moistened in a solution of 
starch paste and potassium iodide, K. 

Ex. Compare ozone with pure oxyj^cn. 
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Ozone is mucli morc energetic in ita action than the 
ordiniiiy oxygen, iirnl eHpeeially is this held to be true 
concerning its action upon oi^anic matter and noxioua 
exhalations from unhealthy loeiditiea. It is also helieved 
that ozone is capable of destroying many kinds of disease 
germs. 

24. Tests for Oxygen and Ozone. — 1. Free oxygen gas is 
detected by iU lack of otior, tiiken together with its action 
Upon a glowing match. If the gas be ddnte, the coal 
liarely continues to glow ; but if pui'e, the match buists 
into flame. 

2. Ozone is detected Iiy its odor, by its kindling a glow- 
ing match, and by its coloring blue a strip of paper moist- 
ened in a solution of stiirch paste and potassium iodide. 



{For SevUvi or Advarweii Onirw.) 

1. The molecular weight of a. compound substance Is equal to the sum 
of the tttomie weiglitfl of tho elemMils forming that Buhstauw!, Compute 
the molecular weighta of the toUnwing: IlgO ; KCUlj ; KCl ; 11,80,; 
AgNO,. 

2. How mueh oxygen is there in 10(W HgO? 

SiiiMKBTioN. The molecular weight ot HgO is (Hg) 200 + (I )) 10 = 21(1, 
Now ^5 of any weight of Hg<J Ib oxygen. 

3. How many lilree of oiygen at 0° C. and 7W""" are Miere in 48*1 of 
niygen ? See data for computations. 

4. Uow many litres of orygen at 0° C, and TOO"™ may be had from 
15«KCIn,? 

5. How many poiindfl of oxygen are there above unit square foot of the 
earth's aurface at (lie level of Ute sea ? 

Stro. At the sea-levBl tlio atmosphere weighs about fifteen pounds to 
the square Inch. 

6. Hold a short piece of Htick phosphorus by means of a pair of pin- 
cers, lUlii «c-ntpe it cleitii under wati'r. l,ii'>p a (bread amund the plios- 
phorUH, ami suspend it iu a boti.Ii' n Hi I. fining a fi'w dnJ[« of waWr. ,''et 
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the bottle in a moderately cool place (15° to 20° C). Now suspend in the 
bottle a strip of paper prepared for testing ozone. Note from time to time 
the color of the paper. 

7. Set a Toepler-Holtz machine in motion, and after a few sparks have 
passed, note the odor. Test the vicinity of the poles with ozone paper. 

8. Explain the construction of the Bunsen burner. Why is the Bunsen 
flame colorless ? 

9. Examine the blow-pipe flame. Note the inner bluish cone and the 
outer slightly luminous layer. This latter portion of the flame contains an 
excess of oxygen, heated to a very high temperature. Substances placed 
in this part of the flame are oxidized, hence the name Oxidizing flame. 
The best place to hold a substance to be oxidized is just beyond the 
bluish tip. 

The central part of the flame contains an excess of highly heated carbon 
and hydrogen, and substances placed within the cone loose their oxygen 
or are reduced, hence the name Reducing flame. 

10. Bend a small loop on a piece of platinum wire. Heat the loop, and 
dip it into powdered borax. Fuse the borax on the wire to a colorless 
bead. Now slightly moisten the bead with ferrous sulphate, FeSO^, and 
heat it in the oxidizing flame. The bead becomes reddish in color when 
hot, light yellow when cold. Again heat this bead in the reducing flame ; 
it becomes colorless. Why ? 



rUAPTER II. 

HYDROGEN AND ITS OXYGEN COMPOUNDS. 

D*T* roR CiillPiil*Tloss. — Symbol, H ; Molecular Formula, 11^ ; Atomio 

t Weight, 1 ; Specific Gravity, O.OSfti ; Weight of V at 0° C. and TBO""", 
0.081H)K. 
3fi. Occurrence. ^ Fita liyib-ogeii occtire only in iiisifj^nili- 
uant qiiitntities, beuig foiiii<I eliiefly in volcanic gases. Ill 
its compoiuiila, however, liydi-ngen occurs [ilentifuUy. Thus, 
of wat-er, H^,0, it constitutes 11.1 percent by weight; wliilo 
it ia always [ireseiit in anunonia, aciiUi, and organic coiii- 
puuiiils. 

26. Preparation and Properties. — Hydrogen if< i-eadily ul> 
taincd fiijm its cfimpouiidB, such as water, HjO, and from 
acids, snch as hyihocldoriu acid, HCl, and sulphuric acid, 
H^O,. 

Exp. 19. Place about 5" mercury in a porcelain mortar; 
on the mercury place about 0.6" metallic sodium. Now, by 
ineaiiH of a pestle, bear the sodium down through the mercury 
to the bottom of the mortar, aud then twist the pestle till the 
sodium and mercury unite to forui au atnalf,'aiii. 

rill a test-tube balf full of water, and iuto this drop a pietie 
of the amalgam. Note tlie bubbles of gas escaping, and note 
their color and odor, i£ any. Hold the tube firmly, and care- 
fully bring a lighted match near its mouth. 

'Ex. What became of the mercury used. Id making the amalgam ? 
Bub some i)f the water in llie leBt-tubp lietween the thlimh and fliigiT, 
the feeling. Uax tin; water changed ? Dip a strip of red iitusus 
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paper in the water, and note the change in the color of the paper. Is an 
alkali present ? (Sua. Alkalies turn red htmus paper blue.) Is hydrogen 
inflammable ? Has it an odor or a color ? Define an amalgam. 

In this experiment hydrogen was obtained from water. 
One atom of sodium displaced or set free one atom of 
hydrogen, and formed the alkali, caustic soda, or sodium 
hydroxide. The reaction — that is, the changes that took 
place — can best be shown by means of an 

Equation. Thus, Na + H^O = NaOH + H. This equation is read, 
** Sodium and water give sodium hydroxide and hydrogen." Equations 
are further useful, since they enable us to tell what proportions, by weight, 
of substances take part in chemical reactions. This is accomplished by 
means of the weights of the atoms and of the molecules represented in 
the equation. For example, 23 (Na) + 18 (lijO) = 40 (NaOH) + 1 (H). 
That is, 23 parts, by weight, of sodium react with 18 parts of water to 

give 40 parts of sodium hydrox- 
ide and 1 part of hydrogen. 
Ex. Explain these equations : 

HgO (heated) = Hg + O, 

and 

KCIO3 (heated) = KCl + 3 O. 

Exp. 20. Arrange a jar 
iilled with water, as in Fig. 
5. Wrap a piece of sodium 
amalgam in wire gauze, and 
place it under the mouth of the jar. Hydrogen rises in the 
jar. Test the gas by raising the jar, mouth downwards, and 
thrusting a lighted taper up into the jar. The hydrogen 
will burn around the mouth of the jar, while the taper will 
be extinguished. The taper may be relighted in the burning 
gas. A slight but harmless explosion usually terminates the 
experiment. 

Exp. 21. Half fill an evaporating-dish with warm water, and 
then drop in a small piece of pure metallic, sodium (Eig. 6). 
Also try in this way a small piece of metallic potassium. 




Fig. 5. 



HYDROGEN AND ITS OXYGEN COMPOUNDS, 




Krfra. Thia experiment may terminate wiili a sliglit erplna 

Ex. What advantage is gained b; using sudium o 
gam ? Ifl tliB wal«r in tht; uvapomt- 
ing-disli alkaline after adding tlie 
metals ? Write the equation for the 
reaction betwuen K and HjO. 

Exp. 22. Fit a cork with a 
straight-jet delivery -tulm to a 
generatiiig-flask. In the flask 
place (aay) 10' granulated zinc. 

Now till the flask one-third full of dilute siilpharie acid, made 
hy adding one part of acid to five pai't^ of water. Place the 
cork and jet in position, and when the air is expelled from the 
apparatus, light the jet of escaping gas. Note the color of 
the flame. Hold a piece of small iron wire in the flame. Ex- 
tinguish the flame, and collect the gas in a gas-hag. 

NoTB. In case the gaa is not gireu ofi freely, add to the contents of 
the flaak a few nails or a Jew emiill uryBtals o( copper sulphate, 

In this experiment the hydrogen is obtained from sul- 
phiuuc acid by means of a reaction with zinc, thus, — 
Zu -J- HjSO^ = ZnSO^ -(- Ha. 

No note ia taken of the water added, since this merely 
serves to dissolve the ziuc sulphate, ZnSO,, as fast as that 
salt is formed. 

Ex. Wliat is the color of the hydrogen Aame ? Has the flame a high 
temperaWira ? By meanti of a rubber tube ill a common eiay pipe to the 
gas-bag tilled with hydrogen, and blow a few bydrugeii Hoa]>- bubbles. Is 
hydrogen lighter than air ? Touch a bubble wiUi a candje-flaine. Write 
tlie equation for Exercise 5 at the close of the Introduction, where xinc 
and hydruchliirie aeld react. 

Exp. 23. Fire the hydrogen pistol to illustrate the explo- 
aiveneSB of a mixture of hydrogen and oxygen. 

Exp, 24. Fill a eollodion balloon with hydrogen gas, and 
1 relea-se the balloon In the laboratory. After some hours 
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the balloon will settle to the floor. When this has occurred, 
teat the gas in the balloon for hydrogen. 

Some or all of the hydrogen in the balloon has passed 
out into the air through the pores of the balloon, and air 
has entered through the same channels. This illustrates 
what is termed Diffusion of gases through porous parti- 
tions. It is in tliis way that oxygen passes through the 
delicate membranes of the pulmonary capillaries to purify 
the blood in its passage through the lungs. 




Exp. 25. Arrange a delivery-tube for a hydrogen appar 
ratus, as shown in Fig. 7. Using the same materials as in 
Exp. 22, fill a jar with hydrogen. Then carefully lift up 
the jar, keejiing its mouth downwards. Now slowly bring 
the mouth of the jar upward, underneath the mouth of a 
second jar, held mouth downward. When the first jar has 
reached an upright position, remove it, and test its contents 
for hydrogen. Also test the contents of the second jar for the 
same gas. 

Ex, What has occurred ? Enumerate the properties of hydrogen. 

27. Test for Hydrogen. — Hydrogen may be detected by 
its flame and by its behavior, as in the preceding experi- 
ments. 
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28. llydiugeii auil oxygeu unite to form but two chem- 
ical (■nmpouudu : water, U^O ; aud hydrogen dioxide, HjOj. 
Of these compounds, water ia by far the most impoi-tant. 

KWatkr. 
19. Occurrence. — Water oecuj's widely distributed in 
natui'e. I'ermeatijig the atmosphere and soil, flowing in 
sti'eams and forming lakes and oceans, water is everywhere 
found. Although the properties of water are familiar to 
all, nevertheless, since this is the first chemical compound 
to bo studied in detail, it will be necessary to make a few 
experiments illustrating some of the methuds employed Ly 
chemists in investigating the composition and pioperties 
of bodies. 

30. Preparation and Prop- 
erties. — Let ua first make 
a qualitative experiment in 
order to learn if water can 
be produced synthBtically. 

Exp. 26. Arrange an ap- 
paratus as ahoivn in Fig. 8. 
G is a hydrogen generator, 
containing zinc and dilute 
sulphuric acid. B is a dry- 
ing-bulb, pontaining granu- 
lated Cidcium chloride, CaClj.. Introduce the acid through 
the funnel-tube, and when the apparatus is free from air, 
ignite the hydrogen gas escaping through the jet, and place 
U-jar, K, over the flame. Note what collects on the 
e of the jar. 




Pifl, S. 
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Ex. Why, in this experiment, sliould the hydrogen gas be perfectly 
dry ? When the hydrogen is burning, with what constituent of the air 
does it unite ? What substances, then, enter into the composition of 
water? 

Next let US make a quantitative experiment to determine 
synthetically in what proportions, by volume, hydrogen 
and oxygen unite to form water. This may be accom- 
plished by means of the apparatus (lire's eudiometer) 
shown in Fig. 9, 

Exp. 27. The graduated limb and a part 
of the plain limb are to be filled with mer- 
cury. Then, by means of a curved glass tube, 
10 divisions of the graduated limb are tilled 
with pure oxygen; 25 divisions of pure hy- 
drogen are next to he added. Now bring the 

mercury to the same level 

in both limbs, and while 

firmly holding the thumb 

over the plain limb, pass 

an electric spark through 

the wires attatihed to the 

graduated limb. 20 di- 
visions of hydrogen will 

unite with 10 divisions of 

oxygen to form water. It 
thus appears tluit these gases unite in the proportion of 2 
volumes of hydrogen to 1 volume of oxygen. 

These two experiments illustrate how the composition 
of certain bodies may be determined by Synthesis. An- 
other and more extensively employed method is termed 
Anali/sis. In the case of water, the analysis may be made 
by a process termed Electrol>f»h. The appai-atus (Hoff- 
mann's apparatus) used is shown in Fig. 10. 
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Exp. 28. Add otie part, by weight, of sulphuric .tcid to 20 
parts of distilled water. Open the stoji-co^iks S aud S', and 
then pour the acididated water into the tuhe B until it issues 
fumi the tubes and H. Close the stop^iocks, and fill B up 
to tlie hull). Conueut tlie platinum wire Z, which is melted 
through the tube H and terminates in a platinum strii*, with 
the zinc pole of a Grove's battery, consisting of five or six 
cells. Also connect the platinum wire P (which is like Z in 
every respect) to the platinum pole of the battery, Hydi'ogen 
collects in the tube H, and oxygen in the tube 0. Note the 
comparative volumes of the gases collected. 

The hydrogen may be tested by slightly opening the stop- 
cock S' and igniting the escaping gas. Open the stop-cock S, 
and test the oxygen by means of a glowing match. 

Ex. What relalive volumes of bydrogca and oxygen were liberated ? 
Compara the results of tills experiment with those obtained ia Exp. 27. 
De&tie synthesis; analysis; a qualllativu experiment; a quaiititativa 
experiment ; qualitative analysU ; quantitative analysis ; electrolysis ; 
an electrolyte. 

The froportions, by weight, in which oxygcJi anil liydi'o- 
gen unite to form water may now be detei'miiieil. 

The preceding experiments show conclusively that in 
water 2 volumes of hydrogen are united with 1 volume of 
oxygen. Now let us assign some absolute valuo to each 
volume, so that tlie weights of the volumes may be deter- 
mined. For example : take 2' of hydrogen and 1' of oxy- 
gen ; then, multiiilying the number of litres of each gas 
by the weight of 1' of that gas, the proportion, by weight, 
becomes 2 x 0.0896 : 1 X 1.430 or 0.1792 : 1.430. This ratio 
reduced to its lowest terras becomes very nearly 1:8; i.e. 1 
part, by weight, of hydrogen unites with 8 parts, by weight, 
trf oxygen. 

One way of determining tlio mnli-cidar formula of water 
is as follows: — 
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It must be remembered that the symbols of the elements 
represent both atoms and the weights of the atoms. Now, 
since the atomic weight of oxygen is 16, the ratio of 1:8 
would only require i an atom of oxygen to 1 atom of 
hydrogen, which is not supposable; but if we multiply 
the ratio by 2, it becomes 2 : 16, or 2 atoms of hydrogen 
to 1 of oxygen. Now these are the fewest number of 
atoms that could possibly form water. Moreover, experi- 
ment has shown that the molecular weight of water is 18. 
Hence there is but one conclusion: no larger number of 
atoms enter into the molecule, and water is HgO. How 
inolecular weights are determined will be explained here- 
after. 

The solvent action of water upon many substances is well 
understood. Sugar, salt, and similar substances, as well as 
many liquids and gases, are readily soluble in water. But 
the solvent powers of water are greater than superficial 
observation would indicate. 

Exp. 29. Place a few clean pine shavings in an evaporat- 
ing-dish half full of ordinary well water. Boil the contents 
of the dish for a short time, and then filter. Note the taste 
and odor of the filtrate 

Ex. Has the water dissolved a portion of tlie pine ? What makes 
water that has stood in wooden pails ** taste " ? 

Limestone, or calcium carbonate, CaCOs, and ferrous 
carbonate, FeCOs, are insoluble in pure water ; but in 
water charged with carbonic acid gas, CO2, these sub- 
stances are readily soluble. When the carbonic acid is 
expelled by boiling, they both become insoluble again and 
are precipitated. In the case of many other substances, 
such as certain organic compounds, and metals like lead 
and copper, impure water will act as a solvent where pure 
water would have no action. 
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E."LP. 30. Fill a beaker with ordinary well-water. Place 
the beaker on the aaiid-bath, ami buil the water for a short 
time. Note any cloudiness or precipitate that may appear in 
the water. 

Ex, Why did the precipitate fiirtn ? Why Is a crust formed on the 
inside uf a tea-kettle in which hard water is Tjoiled !' Explain the forma- 
tion of fossile. Knovring that the ooloring-matter itf vegetation is partly 
composed of iron, explain why the waters of springs and creeks deriving 
their supplies from marshy landa wintain iron. Why do these waters 
deposit iron ores ? Explain the formation of sedimentary rocks. How 
did the deposition of sandstone differ from tliat of limestone ? Which 
will dissolve more common sail, hut or cold water ? Why Is water flow- 
mg through lead pipes dangerous to drink ? Why is drinking-water liahle 
to contain oi^nic matter? In what ways is water useful Ui plauts and 
animals ? 

Besides acting as a solvent, water fiilfiia another ex- 
tremely important office : it acta as a heat regulator. In 
changing 1"" of ice from a solid at 0° C. to ft liquid at 
the same temperature, 79 heat-imita, or calories, are ren- 
dered latent; while into l"" of water, in passing from a 
liquid at 100° C. to steam at 100°, 536 calories disap- 
pear. When water freezes, or when steam condenses, 
the latent heat is again given up to the atmosphere or to 
surrounding objects. Moreover, water receives and parts 
with its heat very slowly, and thus it modifies climatic 
extremes. 

Water is at ite maximum density at + 4° C. When its 
temperature passes eitlier above or below this point, water 
expands. Consequently, ice is lighter than water; and 
forming, as it does, at the surface of Lakes and rivers, it 
acts as a protection to the water underneath. Snow serves 
ae a protection to the ground, and clouds prevent a rapid 
loBg of heat by radiation from the surface of the earth. 
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Fig. 11. 



EXERCISES. 

{For Review or Advanced Course,) 

1. How many litres at 0° C. and 7()0»"»" are there in 4.3268 hydrogen ? 

2. How many litres of oxygen would be required to form water with 

the hydrogen in the preceding exer- 
cise ? What would the oxygen weigh ? 
How much water would be formed ? 

3. Bearing in mind that one calorie 
of heat will raise V^^ of water through 
1^ C, how many calories would be 
required to convert IO'^k of ice at 0° 
into steam at 100° ? 

4. Name 10 substances that are 
soluble in water, and 10 that are 
insoluble. 

T). Prepare and test hydrogen di- 
oxide, H.^O.^, thus : Make a mixture 
of 2^^ sulphuric acid and 20*^^ water. 
l*lace the mixture in a beaker, and 
when cool, add, with constant stir- 
ring. Ok finely pulverized barium dioxide, Ba(\. Filter the contents of the 
beaker, or allow the white precipitate to subside, thus obtaining a clear 
solution of hydrogen dioxide : BaOj + H2SO4 = II fi^ + CaSO^. The white 
precipitate is barium sulphate. 

Test the hydrogen dioxide thus: 
To about a half of a test-tube of ' 

the solution add successively 2 or 
3 drops of sulphuric acid, 5 or G 
drops of potassium dichromato, 
K-^CrjO-, and about 2^0 ether, 
(€2115)20. Now shake the tube 
thorouglily, and note the blue-colored solution obtained. 

6. Determine the total residue in a sample of drinking-water, thus: 
Weigh an evaporating- dish, and in it carefully evaporate to dryness over 
a water-bath one-half litre of the sample. Place the dish and its contents 
over a dish containuig strong sulphuric acid, and cover the whole with a 
small bell-jar. When cool, weigh the dish and its contents ; from this 
weight subtract that of the dish, and multiply the difference by 2. The 
result is the total residue per litre sought. 

7. Explain the principles involved in the oxyhydrogen blow-pipe (Fig. 
11), The tip 18 shown in Fig. 12. 
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NITROaBN AND ITS COMPOOND3 WITH HYDHOGEN 
AI?D OXYGEN. 



D*T* FOB CoMPnTATioNB. — Symbol, N ; Molecular Formiila. Nj ; Atomic 
Weight, 14 ; Specific Gravity, 0.971 ; Weight of l< at 0° 0. and THO'""', 
l.a56K. 



- Nitrogen ia fomid free in the (itmos- 
phere, of whieli it constitutes nearly four-fifths part by 
volume, or 77 jier cent by weight. In compounds, nitro- 
gen occurs in such substances as ammonia, NH3 ; potassium 
nitrate, or salt.]>eter, KNO.,; sorlium nitrate, or Chili salt 
peter, NaNO., ; aiiil in inniiy organic compounils. 

32. Preparation and Proper- 
liea. — Ex p. 31. Float an inm 
sand-bath or a tin cup on the 
water of the pneumatic trough, 
or of any convenient vessel. 
Into the cup drop a hit ot 
phosphorua. Ignite the phos- ; 
pborus, and then care full j 
place down over it a hell-jur 
(Fig. 1:J). White fumes ot p,,,. ig. 

phosphorus pentoxiiie, PjOi, 

and peTlia]i9 of the trioxide, P,Oa, (quickly fill the jar. These 
fumes soon subside, and dissolve in the water, leaving tht> 
nitrogen nearly pure. 

Bk. What Hubsianre was removed from thp nir In the jar by the 
Tmrning phoHphorus '! Are the fumes formed solid or guRpims ? Why 
would gaseijus products in this exijcriment be ubjeclioimble ? 
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Exp. 32. Lower a burning taper into a jar of nitrogen. 
Try a glowing match. (Compare the phenomena observed with 
those obtained in oxygen. 

Exp. 33. Place a live mouse in a jar of nitrogen. 

Ex. Is nitrogen a supporter of combustion ? of life ? What purpose 
does nitrogen serve in the atmosphere ? Is nitrogen poisonous ? Would 
a mixture of air and nitrogen explode ? Has nitrogen any color or odor ? 
Enumerate the properties of nitrogen. 

Nitrogen possesses a very feeble chemism for the other 
elements, in consequence of which it does not enter directly 
into combination with them. Indirectly, however, it forms 
many important compounds, as will appear further on. 
Owing to its passive nature, nitrogen in small quantities 
is not easily detected. 

Ammonia, NHg. 

33. Occurrence. — Ammonia, which is a chemical com- 
pound of nitrogen and hydrogen, is a very important sub- 
stance. It occurs widely distributed in the atmosphere 
and in nearly all waters. Rain, snow, ice, and the waters 
of springs, deep and shallow wells, lakes, streams, and 
seas, all contain considerable quantities of ammonia. 

It is a wise provision that ammonia is thus distributed, 
since from it plants build up the nitrogen-bearing portions 
of their tissues, — the albuminoids, — found in seeds, roots, 
and leaves. Animals, in turn, consume these tissues, and 
thus acquire the material for building up the nitrogen- 
bearing portions of their bodies, — the proteids, — found 
in muscles and in other parts of the body. 

Ammonia compounds occur but sparingly in nature, 
although they are important manufactured articles of com- 
merce. 
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34. Preparation and Froperties. — Exp. M. In one hand 
]jla,{!ts a little jiowdfii'Pil ijuickliuie, CaO, and in the other put 
an equal liitlk of jHJWdei'fd ammonium chloride, or sal-am- 
mouiae, NH,C1. Note that neither has an odor. Eiib these 
substances between the palms of the hands, and carefully 
smell the gas produced : — 

OaO -»- 2 NH,CI = 2 NH^ + CaCl, + H,0. 
The residue in the hands is chiefly calcium chloride, CaClj. 

Ex. Has ammonia a color ? Place a strip of mnlHtened red litmus 
piijier In tbe fiuiiea, ajid note whether they are albaline. 

In this experiment, ammonia was liberated from one of 
its compounds by means of a stronger, or "fixed" alJcali. 
Since ammonia and its compounds are vaporized by the 
aiition of heat, it is called the " volatile " alkali ; wliUe all 
other alkalies are not readily vaporized, and are designated 
as the " fixed " alkalies. All the fixed alkalies will libei'ate 
ammonia from its e 



Exp, 35. To a solution of any ammoninin salt in a test- 
tube add a solution of potassium hydvoxide, KOH. Wann 
the tube gently, and test as nsual tlip jiroperties of the ga.s 
evolved. Test tbe alkalinity of the gas by means of a moist 
red litmus paper. 

Ammonia gas dissolved in water is sold in every drug 
store as aqua ammonice. Aqua amraonise is prepared from 
about the same materials used in Kxp. 34. The ammonium 
ehloiide or sulphate is procured from gas-works, where it 
is obtained as a by-product by passing tbe crude gas from 
the retorts through dilute hydrochloric or siilphui'ic acid. 

The interesting process of manufacturing aqua ammonire 
IB illustrated in Exp. 36, which also shows a general pro- 
cess of iU»»ohin<i ganeg in water. Sometimes the gas is 
forced into the wattT by means of its o\^ti pressure, ol> 
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tained by closing air-tiglit the generator, the washing- 
apparatus, and the receiver. 

Exp. 36. Arrange an apparatus as in Fig. 14. Then take 
■ (say) CW powdered quicklime and 100* ammonium chloride, 
and moisten each separately with water until thick pastes are 
formed. Disconnect F, and rapidly introduce these pastes into 
it, and join immediately with the wash-bottle A, which acta as 




a safety apparatus to prevent any water from flowing back into 
the genei-ating-flask F. B and C are here used as condensers, 
and the ammonia in ])assing through them is dissolved in the 
water they contain. It is best to surround B and C with 
pounded ice and salt. Aqua ammonia is found in these two 
bottles at the conclusion of the experiment. 

Ammonia is vei-y soluble in water. 1" of water, at 0° C, 
dissolves 1148" of ammonia. 

Atmospheric ammonia is produced by the decay of nitrog- 
enous organic matter ; and through the agency of atmos- 
pheric moisture it finds its way into the waters of all 
localities. 

Ammonia was formerly prepared by distilling hoofs. 
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hides, and horns, whence arose the name of "spirits of 
hartshorn." 

Exi'. 37. Place a few drops of ammonia on a piece of por- 
celain or platinum foil, and carefully evaporate to dryness. 
Next treat in a similar manner a few drops of hydrochloric 
acid, HCl. Does either give a residue 1 Now make a mixture 
of the two, and proceed as before. Note the residue. 

Ammonia unites with acids to form salts, as shown in 
the foregoing experiment : — 

NH3 + HC1 = NH.C1. 

The salt is called ammonium uhhiride, and the group of 
atoms, NH„ is called Ammonium, owing to some resem- 
hlances which it beat's to tlie metal.i. 

UTider a pressure of seven atmospheres, at 15.5° C, am- 
monia condenses to a liquid. When this liquid vaporizes, 
as in the case of water, large quantities of heat are rentlered 
latent. Advantage has been taken of this to nmnufactnre 
ice. Liquid ammonia ia simply allowed to evaporate in 
closed iron pipes over which water is slowly trickling. 

Since ammonia neutralizes acids, it may be applied when 
acids are spilled on the clothes or on the flesh. Again, 
when poisonous or irritating gases have been inhaled, 
ammonia vapors act as an antidote. When ammonia is 
inhaled, it produces a stimulating effect upon the system. 

35. Tests for Ammonia. — To a solution supposed to eon- 
tain anuiionia atld a solution of potassium hydroxide, KOH, 
and warm gently. If ammonia be present, it may be recog- 
nized — 

(1) By its odor. 

I By it,i turning moistened red litmus paper blue. 

J8) By holding a warm ghiss rod, wlui-h hiis licfii moi«- 
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tened in h^^drochloric acid, over the tube, white fumes of 
ammonium chloride, NH4CI, may be seen, and the rod 
when dry will be found coated with the same salt. 
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36. There are five compounds of nitrogen and oxygen 

known : — 

Nitrogen monoxide, NgO. 

Nitrogen dioxide, N2O2, or NO. 

Nitrogen trioxide, N2O3. 

Nitrogen tetroxide, N2O4, or NO2. 

Nitrogen pentoxide, N2O5. 

Of these compounds, the first is of most practical im- 
portance. All are gases except the last, which is a crys- 
talline solid. The last four will receive but a passing 
notice. 

The second oxide is formed when a metal and nitric acid, 
HNO3, react. When the gas thus produced escapes into 
the air, it absorbs oxygen, producing varying amounts of 
the next two higher oxides, and thus giving rise to the 
brownish red fumes always noticed when nitric acid is 
acting on metals, thus : — 

Exp. 38. Place a bit of copper in an evaporating-dish, and 
add enough nitric acid to cover the copper. Warm the dish 
gently, and note the colored fumes above the dish : — 

3 Cu -f 8 HNO3 = 3 Cu(N03)2 -h 2 NO -h 4 HgO. 

Portions of the nitrogen dioxide unite with the oxygen of the 
air thus : — 

N0 4-0 = N02 and 2NO + = N203. 

The blue salt formed is copper nitrate, Cu(N03)2. 
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^^f NiTiiociEN Monoxide, NjO. 

I r 37. Preparation and FropertieB. — This gaa is known as 
nitrous oxide, and also as " laughing-gas." It never occurs 
free, but it is manufactured by dentists and by others for 
anassthetic purposes. There are several methods of obtain- 
ing niti'ogen monoxide, but the one always used consists 
in decomposing ammonium niti'ate, NH,NOb, by means of 



heat : ■ 



NH4NO3 (heated) = NjO -h 2 HjU. 






Exp, 39. Place in a test-tube a small quantity of ammonium 
nitrate, and heat it oarefully in the Eunaen flonie. Note the 
odor of the gaa produced, and test it with a glowing match 
and then with a blazing match. Compare the results with those 
obtained in oxygen. 

For generating large quantities of nitrous oxide, cnm- 
lercial ammonium nitrate is often employed. Coming 
from this source, the gas is apt to contain impurities dan- 
gerous to inliale, such as nitrogen dioxide, UO, and per- 
haps some clilorine or chlorine comjjounds. In oi'der to 
remove these impurities, the gas is washed, as shovra in 
the foHowing experiment, which also illustrates the usual 
method of washing gages : — 

Exp. 40. Arrange an apparatus as shown in Fig. 15. The 
generator is fitted with a bent, one-bulb, thistle-top tube, con- 
taining a small quantity of mercury. This makes a safety- 
valve. The first wash-bottle contains a warm solution of fer- 
rous sulphate, FeSOj, to remove any nitrogen dioxide. The 
second bottle contauis a warm solution of potassium hydrox- 
ide, KOH, to remove any chlorine. The third bottle contains 
warm water. Use about ■50* of ammonium nitrate in the gen- 
eator, and employ a moderate heat. Collect the fi^aa in pas- 
p, as it ia auluble in water, and more especially in cold tU.*.vs. 
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ill warm water. Inhale some of the gas thus prepared, and 
note the odor and the sweetish taste. 

When inhaled in considerable quantities, nitrogen mon- 
oxide produces its effects upon the system in the following 
oi'der : intoxication, and singing in the ears ; insensibility ; 
and finally, if the inhalation be continued long enough, 




At 0° C, 30 atmospheres' pi'essure condenses this gas to 
a li(iuid ; and if this liquid be mixed with carbon bisul- 
phide, CSi, and evaporated in vacuo^ tlie very low temper- 
ature of — 140° C. is produced. 

38. Tests for ICitrogeii Honozide. — This gas closely re- 
sembles oxygen, from which it is easily distinguished by 
its sweetish taste and odor, and by its solubility in cold 
water. 



39. The Law of Multiple Froportioiu. — By inspecting the 
formulje of the oxides of nitrogen, it will be seen tliat the 
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quantities of oxygen that are united with Na are to one 
aootlier as 1:2:3:4:5, while the nitrogen remains con- 
stant. 

Suuh relations aa these are frequently found in the com- 
pounds of elements. In every case the ratio is a simple 
one, and the element that increases does so by whole num- 
bere, and not by fractions. This is in strict confoi'mity 
with tlie atomic theory. The law of multiple propoilions 
may be s.tated thus : — 

If two elements, A and B, form xeveral eompoundg with 
each other, and if we take any fixed amount of A, t/ten the 
different quantities of Bwhieh combine with this fixed amount 
of A bear a simple ratio to one another. 

40, Determination of Holecular Weights. — The molecule 
of any sulwtani:*; lias been detiiiLHl aa the smallest particle 
of that substance which ean exist in a fi-ee state. If now 
we take a molecule of a gaa like hydrochloric acid, HCl, 
that molecule must have at least one atom eacli of hydro- 
gen and chlorine, aud its molecular weight will be tlie 
sum of the weigbta of these two atoms. Thus, for hydro- 
chloric acid we have 1 + 85,5 = 36.5. Therefore in auch 
siiiiple gases, where the atomic weights are known, the 
problem presents no difficulties. But when the constitu- 
tion of a gas is more complex, as in the second and fourth 
oxides of nitrogen, difficulties arise. But it has been 
found that when the molecular weight of a gaa is divided 
by its specific gravity, a nearly constant quantity is ob- 
tained, i.e. about 28.88. Hence it follows that in any 
gaa the molecular weight = the epeirific iiravitif X 28.88. 

I such cases, then, thi' specifii; gravity of the gas gives 
' to the molecular weight. Tlius, in the sacttTvi 
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oxide of nitrogen, the specific gravity found is 1.03845. 
Now 1.03845 X 28.88 - 29.99, or practically 30. This 
would make the molecular formula NO, and not N2O2. 
In tlie same way the molecular weight of the fourth 
oxide of nitrogen was found to be about 46, and its 
fornuila NOg. Tliere are other methods of determin- 
ing the molecular weights of substances which cannot be 
vaporized. 

41. Avogadro's Hypothesis. — Avogadro explained the re- 
lation existing between the molecular weight and the spe- 
cific gravity of a gas by the following hypothesis : Under 
the same conditions of temperature and pressure^ equal vol- 
umes of all gases contain the same number of molecules. 
Thus if one cubic centimetre of one gas has (say) 1000 
molecules, then a cubic centimetre of any other gas under 
the same conditions will also have 1000 molecules. This 
hypothesis has been of the greatest importance to a cor- 
rect conception of some facts in theoretical chemistry. See 
pp. 41 and 42. 



THE COMPOUNDS OF NITROGEN, OXTGEN, AND 
HYDROGEN; OR, THE NITROGEN OXACIDS. 

42. These three elements unite to form three com- 
pounds, called acids : — 

Hyponitrous acid H2N2O2. 

Nitrous acid HNO2. 

Nitric acid HNO3. 

All these acids have now been isolated, but none of 
them occur free in nature in any considerable quantity. 
Nitric acid is the most important acid of this series. 
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THK NITKOGEN OXACIDH. 



Nitrous acid may be prepared Lj dissolving niti'ogeii 
tiuoxide in water : — 

This acid is imiinpoi-tant, but its salts— the nitrites — 
occiir ill impure well-water, being produi^ed during the 
decay and nitrification of organic nitrogenous substances. 



NiTKic Aero, HNO3. 

43. Occurrence. — The compomida of nitric acid, potas- 
sium nitrate, KNOj, and sodium nitrate, NaNO,, occur 
quite plentifully in nature, and it is from these substances 
that this very important acid is obtained. 

44. Preparation and Properties. — Exp. 41. Place a small 
iju;iiititj of jiowdert'd putasaium nitrate, KNOj. in a test-tube, 
and then add a few drops of sulplmric aei<l. Warm the con- 
tents of the tube gently, and note the fumes given off. Test 
the fumes with moist blue litmus paper. 

In this experiment, nitric acid was liberated from one of 
its compounds thus : — 

KSO, + H,S(.), = HKS04 + HNO.. 
Commercial nitric acid, enormous quantities of which are 
consumed annually, is obtained by treating Chih saltpetre, 
NaNOa, with sulphuric acid in large iron retorte. The 
vapors of nitric acid are condensed in earthenware con- 
densers. This process may be illustrated in the laboratory 
by means of the apparatus shown in Fig. 16. One method 
of condensation is also illustrated by the experiment. 

r£xp. 42. Place in tlie retort A (Flj;;. 16) equal parts, by 
^t, of potassium nitmte, KSOj, and sulphuric acid. S-ix- 
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^Tound the receiver E with snow or ice, or allow a, stream c 
licold water to flow over it. ileat the retort gently, wha^ 
l.fnmes of nitric acid will be given off and condensed in 
BTeoeiver B. 

Ekp. 43. Heat to redneaa some powdered eliarcoal in 
I iron spoon, and then cautiously add a few drops of the nitria 
1 ftcid, prepared as above. Also treat a fresh portion of uharcoa 
I with powdered potassium uitratt, KNO3. 

Nitric acid and its corapomids contain much oxygefl, 
I -which is quite readily given up to other substances unde^ 
I the influence of heat. Hence both the acid and its i 
I pounds are called oxidiziwj agent-?. 



Substances containing carbon and other inflatnmal^ 

I Confltituenta are capable of burning in the absence of s 
' when mixed with potasaium nitrate. Ilenee this ( 
pound is extensively used in the manufacture of \ 
j powder, which is simply a mechanical mixture of sulphur,! 
I charcoal, and saltpetre. Again, gun-cotton is made bj-J 
\ treating cellulose, or pure vegetable fibre, with a mixture J 
Pof sulphuric and nitric acids. Nitro-glycerine is made by 1 
[ itreatiug glycerine with the same acids. 



EXEItClSKS. 41 

An efficient ex ploaive owes ita power to the large volume 
of gi\s that is suddenly liberated diu'ing ita cunibuatjon. 

Nitrie acid unites with most metals to form a class of 
corapounds called nitrates. Now these nitrates are all 
soluble in water; lience nitric acid is largely used in -the 
laboratory as a solvent. In the arts this acid also finds 
many important uses, 

45. Test for ITitric Aeid. — Make a mixture of the bu1>- 
stance tu be tested with a solution of ferrous sulphate, 
FeSO,, ill a teat-tuljo. Now carefully add a small quan- 
tity of sulphuiic acid, without mixing with the contents 
of the tube. The Kulphuric acid will sink to the bottom 
of the tube, and where the two liquids meet a brown ring 
will appear. Sometimes the formation of the ring will be 
aided by tapping the test-tube lightly with the finger. If 
the contents of the tube be now mixed, the ruig will dis- 
appear and the solution become colorless. 

Note. Bmmldca and iodides will give Dearly this Hame test, but tlie 
solution will not loae no much of its oolur when sliaken wheu either oC 
these Bubstances is present. But it is always hest to test for these sub- 
stances, wliea working nn uiikuown, before reporting iiitria acid. 
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EXERCISES, 

(For ntritw or AJfanceil Ciivriv.) 



1. Howuiany granunesiif langldnjf-fe'tta maybe had from l(H)eNH,NO,? 
If one litre of this gaa at 0° C. and TUdoi" pressure weighs l.tlT2«, how 
msoy litres of this gas will be obtained '/ 

2. By adding one molecule of watr r to the first, thinl, and fifth, oxides 
ot nitrogen, the following results will be obtained t — 

N,0 + HjO = 2 HNO ; N,(),+ 11,(1 = 2 HNO, ; N,t), -I- H,0 = 3 HNO,. 
What acids are thus produced ? C.tu the first one b« uctually produced 
In that way V UxiUcs wUicli belmve thus are culled AiihydridnB. Defltie 
anhydrides. 
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3. The specific gravities of three of the nitrogen oxides are respectively 
1.527 ; 1.038 ; 1.5909. What are the corresponding molecular weights of 
these oxides, and what their molecular formulae ? 

4. The specific gravities hitherto given refer to air as the standard, or 
air = 1. Sometimes hydrogen is used as the standard. Now it is evident 
that the hydrogen molecule, Rj, weighs twice as much as the hydrogen 
atom. Knowing the atomic weights, it is easy to find the density (which 
is numerically eciual to the specific gravity) of gases when referred to 
the hydrogen unit. Thus, in ammonia, NII3, the molecular weight is 
14 + 3 = 17. Now, according to Avogadro's hypothesis, equal volumes of 
hydrogen and of ammonia under like conditions contain the same number 
of molecules. Whence it follows that if hydrogen be taken as 1, the den- 
sity of ammonia is 17-5-2 = 8.5. A like manner of reasoning will show 
that the density of any gas referred to the hydrogen unit may be found 
by dividing the molecular weight by 2. Determine the densities of N^O ; 
N2O3 ; N,0,. 

5. Read Remsen's Theoretical Chemistry, pp. 32-38, for a fuller dis- 
cussion of Avogadro's hypothesis and the determination of the molecular 
weights of the elements and of compounds. Also see Meyer's Modem 
Theories of Chemistry, pp. 7-17. 

6. Write a sketch of the chemist Rutherford, who discovered nitrogen 
in 1772. 

7. How many grammes of ammonia can be obtained from 1008 of 
NH^Cl ? 

8. Read the experiment wherein you prepared nitrogen. Now, why 
can you not prei)are oxygen from the air by using some substance to 
combine with the nitrogen ? 

9. Measure the laboratory, and calculate its cubic contents. Now, if 
one litre of air, under standard conditions, weighs 1.2932R, how much 
nitrogen does the room contain ? How many grammes of ammonia would 
be produced if the whole of the nitrogen were combined with hydrogen ? 

10. Determine approximately the amomit of nitrogen in a given volume 
of air thus : Make a small wooden saucer- shaped boat, and on it place a 
small pile of fine iron filings which has been moistened with a solution of 
ammonium chloride. Now float the boat on some water in a convenient 
vessel, and place down over the whole a tall graduated glass jar. Support 
the jar so that it may be left standing for a few days. When the water 
ceases rising in the jar, measure the volume of the residual gas, and make 
the proper computations. Tlie iron unites with the oxygen, and thus forms 
a solid. Test the residual gas for nitrogen by means of a burning match. 



CHAPTER IV. 

HLORTNB, BROMINE, IODINE, AND FLUORINE, AND THME 
COMPOUNDS WITH HYDEOGEN AND OXYGEN. 

FOR CoMPDT*TioNi. — CHtoiirNE : Byiubol, CI ; Molecwlftr Formnla, 
fcd, ; Atomic Weight, 315.5 ; Weight of 1' at 0° C. and 760™, 3.173b. — 
■ Bbokinb ; Symbol, Br ; Molecular Fonuula, Br, ; Atomic Weight, 80 ; 
ISpecac Gravity (Wat*r=l), 3.18?2. — Iodise: Symbol,!; Molecnlar 
lltormula, I, ; Atomic Weight, 127 ; Specific Gravity (Water= 1), 4.948. 
— Fluohinb : Symbol, f ; Atomic Weight, 19, 

CHLOHIWB, 

16. Oocnrrenoe. — ClJnrine never occurs free in nature, 
ing to its intense chemiBin for other elements. Its com- 
^uink, however, ai-e plentiful, and occur in lai^e quanti- 
ties. Tlie most important compound of chlorine is sodium 
chloride, or common salt, NaCl. The cMorides of potas- 
sium, calcium, and magnesium also occur native, but in 
much smaller (juantities than the sodium compound. 

47. Prsparation and FroperUei. — Exp. 44. Place a mix- 
ture of HiHliiim tldorick', NaCl, aad JEanganese dioxide, MnO„ 
in a test-tube, ami add a few drops of aulpLuric acid. Note 
the gaa which is liberated, and hold in it a atrip of moist blue 
litmus paper. After the color of the paper has disappeared, 
moisten the strip in ammonia, and note that the color cannot 
& MBtow4. In faiit, the paper is bleached. Also try to bleach 
iip of moist unbleached cotton cloth. 

Try to obtftin chlorine from hydroohioric nciil by anting upon it 
b'ttanganeae dioxide, MnO^. IVwribe llip cv-periiiipnt Id detail. 
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CHLORINE. 



Chlorine is a heavy, greenish yellow gt 
remai'kably active chemieal jiroperties. It was discovered 
in 1774 by Scheele, It is extensively used for bleaching 
purposes and in the manufacture of bleach ing-powder 
(Art. 53). It seems that chlorine in the presence of 
moisture is capable of effecting the following chemical 
reaction : — 

2 CI + H,0 = 2 HCl + 0. 

Now the oxygen thus liberated, while in a nascent state or 
at the instant of its liberation, passesses a stronger chem- 
ism than when in its ordinaiy molecular condition ; thus it 
is enabled to combine with the coloring-matter and' destroy 
it. It may be well to note in this connection that all 
elements when in a nascent state possess far more active 
propeities tlian when in their ordinaiy conditions. 

Chlorine water findis many useful applications in the 
lalwratory. The U^st method of preparing a solution of 
chlorine in water is illus- 
trated by the following 
exjieriment : — 

Exp. 45. In the generat- 

ing-flask A (Fig. 17) place 

equal weights of common 

salt and manganese dioxide 

whicli have been pulverized 

and mixed. To this mixture 

add twice its weight of dilute 

sulphuric acid, consisting of 

equal weights of water and 

Pjq jy aciil. Now apply a gentle 

heat, when chlorine gas will 

be given off abundantly. The wash-bottles li aud C, which 

contain simply cold water, will spnure the desired solution. 
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By disconnecting the waah-bottles, and joining instead a loug 
glass tube, the gas may be delivered at the bottom of a tall 
glass jar, and thus colleoted by what is termed " Displacement." 

The reactioii wliieh takes jjlace in tliia (jxperimeat ia as 
follows ; — 
2NaC] + MnO,+ .'iHj80,= 2 NaHSO^-j- MnS04+ 2 H,0-f-2 CL 

Tliis eciuatinn is a tyiiical one, since bi-omine and iodine 
may lie prepared in tliu same way by substituting a bro- 
inidu or an iodide for the cliloiide. 

In testing for lu'omine or iodine, chlorine water is used 
tn lilxjrate these elements from their compounds. Chlorine 
water, aa prepared in Exp. 45, will answer for this purpose, 
but a solution of chlorine may be made more quickly and 
more conveuiently thus i — 

Exp. 4fi, In a teat-tube place a few crystals of potassium 
chlorate, KOIO3, and add sufficient hydrochloric acid to cover 
the nryatals lialf an inch deep. Now warm the contents o£ 
the tube until chlorine is escaping freely, when the tube ia to 
be filled nearly full of cold distilled water. The gaa ia dis- 
solved by the water. The reaction is : — 

4 HCl + 3 KClOj = 2 KCl + 2 H,(> + Cl^O^ + 2 CI. 
The compounds KCl and CLOj are dissolved in the water, as 
well as the chlorine gas, but they do not ini])air the efficiency 
of the solution. 

Ei. In hnw mmy different ways hnvE yon prepared chlorine ? Try 
the effect nf aw acid upon bleaching- powder. The gouds to he bleacUed 
are drawn through a tank ot weak acid after they have been passed 
KOngh a Holutiou of the Wenching- powder. Why ? 

K 4B. Test for Chlorine. — Free clilorine gas may l»e i-ccog- 
^d by ibi odor, color, and its bleaching effects upon 
luic culoi'S. 
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CHLORINE AND HTDROGEN ; OR, HYDROCHLORIC 

ACID, HCl. 

49. Occurrence. — Hydrochloric acid occurs in small quan- 
tities in volcanic gases. But its compounds, the chlorides, 
as previously noticed, occur in great quantities. 

50. Preparation and Properties. — Exp. 47. Place a small 

quantity of sodium chloride, NaCl, in a test-tube, and then add 

a few drops of sulphuric acid. Note the fumes that are given 

off when the contents of the tube are gently warmed. The 

reaction is : — 

NaCl -f H2SO4 = NaHSO^ + HCl. 

Test the fumes of this acid with a moist blue litmus paper. 
Will ammonia restore the color ? Is hydrochloric acid a 
bleaching reagent? 

Hydrochloric acid is an important article of commerce, 
and it is prepared as a by-product from the same chemicals 
used in the preceding experiment while treating salt with 
sulphuric acid in the maimfacture of soda ash. 

Exp. 48. Take three test-tubes, and into the first put a 
solution of silver nitrate, AgNOgj into the second, a solution 
of mercurous nitrate, Hg2(N03)2 ; and into the third, a solution 
of lead acetate, Pb(C2H302)2. Now to each of these tubes add 
a few drops of hydrochloric acid. Note the heavy white pre- 
cipitates which are thrown down in each tube. 

Hydrochloric acid is used extensively in the laboratory 
for analytical purposes, as exemplified in the preceding 
experiment. The lead, silver, and mercury unite with the 
chlorine of the hydrochloric acid to form the insoluble 
chlorides of these metals. Now, since these three metals 
are the only ones that thus form insoluble chlorides, they 
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may he considered a« forming a group wliieJi may be re- 
moved from a dilution containing any or all the other 
metals. From this use of liydroebloric acid it is often 
ajiolcen of as a grotip reagent. Again, since most of tLe 
eoinpounds formed by hydrochloric acid are soluble in 
water, this acid in extensively used as a solvent. 

When three volumes of hydrochloric acid are mixed with 
one volume of nitric acid. Aqua Regia, or Nitro-Hydro- 
chloric Add, the most powerful solvent known, is formed. 
This compound owes its efBciency to the fact that it fur- 
nishes large quantities of nascent chlorine to act upon the 
substance to be dissolved. Only a gentle heat should be 
employed while using this solveut, otherwise the chlorine 
will be driven off to waste. 

It baa appeared in the last experiment that hydrncldoric 
acid is a gas. But this gas is soluble in water, one volume 
of wat«r dissolving 505 volumes of the gas. The acid em- 
ployed for various purposes is a solution of the gas in 
water. Sometimes this acid is called by one of its old 
names, "Muriatic Acid." 

51. Test for Hydrochloric Acid. — Hydrochloric acid, either 
free or in any of its combinations, may be detected by add- 
ing to the solution to be tested a few drops of silver nitrate, 
AgNOj. If hydrochloric acid be present, a white precipi- 
tate is foi-med, which is to be divided into two parts. To 
one part add nitric acid : the precipitate does not dissolve. 
To the second part add ammonia, and the precipitate will 
dissolve readily. 

Note. Since the prccipitaUa formed wllh silver nitrate by the 'bromides 
and Iwliilii^ iire linblit to be mistaken for ilmt of bydroulilorlu auid, tlie 
Btodeot niuat never report hydrochloric acid friim this test witboitt flmt 
torting for bromides (Art. GO) anil iiNUdes (Art-. lU). 
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CHLORINE AND OXTaEN. 

52. Chlorine and oxygen unite to form two compounds, 
viz. : — 

Chlorine monoxide CI2O. 

Chlorine tetroxide CI2O4. 

These compounds never occur in nature, and have not 
been prepared by the direct union of chlorine and oxygen. 
They are unimportant, and dangerous to prepare, owing to 
their liability to explode. 

CHLORINE, OXYGEN, AND HYDROGEN; OR, THE 

CHLORINE OXACIDS. 

53. There are four acids in this series, but none of them 
are of importance in the arts or in commerce. But they 
serve well to illustrate some principles in chemical nomen- 
clature, as will appear in the next chapter. The names 
and formula) of these acids follow : — 

Hypochlorous acid .... HCIO. 

Chlorous acid IICIO2. 

Chloric acid HCIO3. 

Perchloric acid HCIO4. 

The salts of some of these acids are of importance. 
Thus, hypochlorous acid unites with calcium to form 
bleaching-powder. In reality, this useful compound is 
manufactured by passing chlorine gas into large chambers 
containing slaked lime, when the following reaction is 
supposed to take place : — 

2 Ca(0H)2 + 4 CI = 2 H,,0 + (CaCla + Ca(C10)2). 
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If this be the correct explanation, bleachiiig-powder is a 
mixture of calcium chloride and calcium hypochlorite. 

Chloric acid forms a class of compounds that are some- 
what important, — the chloi-ates. Potassium chlorate, the 
most useful of these compounds, is prepared by passing 
chlorine gas into a warm concentrated solution of potas- 
sium hydroxide, thus : — 

CI + (i KOH = 5 KCl + 3 H,0 + KClOs- 

The cLlorate.s are liable to explode when brnught in con- 
tact with any combustible siiltstance, owing to the ease 
with which they give up oxygen. It is not safe even to 
grind a chlorate in a mortar vrith a combustible substance. 
When such mixtures are to be made, as when making 
colored fires, the matei'ials must be ground separately, and 
carefully mixed afterwards on a slieet of paper. Some 
idea of the Iwltavior of the chlorates may be obtained by 
the following experiment, which is safe if carefully con- 
ducted : — 

Exp. 49. Place two small ciystals of potassium chlorate 
in a dry iron mortar. Add a few grains of dry sugar. Now 
wrap a towel about the hand, and grasp the pestle in the 
towel. Rub the material in the mortar lightly until a good 
mixture is made, and tlien strike the jwetle sharply down upon 
the mixed substances. A sharp explosion will ensue. If sul- 
ihur, gum shellac, or any combustible substance be used in 
!e of the sugar, an explosion will occur. 
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54. Test for Chlorio Acid or the CUoratea. — A cliloratc, 
when treated witli hydrochloric acid in a test-tulx), will 
yield free chlorine gas (Exp. 46), Further, if a few crys- 
tals of a chlorate lie placed in a test-tube, and sulphuric 
acid be added, a shaqt i-xplosion «-ili follow. 
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Note. In making this test, a bit of cloth should be put around the 
tube, and the cloth is to be taken firmly in a pau* of pincers. Thus the 
tube may be held firmly, and its mouth must not be pointed towards any 
apparatus or in the direction of any person in the room. 



BROMINE. 

55. Occnrrence. — Bromine never occurs free in nature. 
It is chiefly obtained from the mother liquor remaining 
after removing the crystals of common salt in salt factories. 
Balard discovered bromine in the year 1826, in sea-water. 
Bromine is an article of commerce, but it is by no means 
a plentiful element. 

66. Preparation and Properties. — Exp. 60. Place a mix- 
ture of potassium bromide, KBr, and manganese dioxide, 
Mn02, in a test-tube, and add a few drops of sulpihuric acid. 
Note the heavy dark-colored fumes given off. 

Ex. Using the equation under Exp. 45 as a model, and substituting 
KBr for NaCl, write out the reaction which occurs in this experiment. 
For the method of preparing bromine water and liquid bromine, see 
Shepard's Elements, p. 109. 

Bromine is a dark-colored liquid at ordinary tempera- 
tures, which always gives off pungent, irritating fumes. 
It is used to some extent as a disinfectant, but it is not so 
energetic in its action in this respect as chlorine. 

Bromine of commerce is prepared by the action of chlo- 
rine on its compounds. The chlorine is generated in the 
mother liquor by means of the chemicals employed in 
Exp. 44. 

57. Test for Free Btomine. — Free bromine, even in dilute 
solutions, when shaken in a test-tube with carbon disul- 
phide, CS2, colore the disulphide brownish red. 
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BROMINE, HYDROGEN, AND OXYGEN. 



The L*omjjoun(.la of bromine witli oxygen and hydro- 
gen closely resemble those of chlorine. Thus we have — 

Hydrobromic acid HBr. 

H Hypobromous acid .... HBrO. 

^B Bromic acid HBrOj. 

* Perbromic acid HBrO,. 

None of the oxides of bromine have been prepared. 
None of these c(>in[)ouuds, except hydrobromic acid, are 
of importance ; and of the compounds foimed by them, the 
bromides corresponding to the acid, HBr, are the only 
ones much used in tlie arts. Thus, potassium bromide, 
KBr, is used in medicine; silver bromide, AgBr, is used 
in photography ; while magnesiiun bromide, MgBrj, occurs 
in some mineral watei-s. Hydrobromic acid itself is used 
to some extent in orgsinic analysis. 

59. Test for Hydrobromic Aoid or the Bromides. — Place 
the solution to be tested in a test-tube, and add a small 
quantity of chlorine water, to liberate the bromine. Now 
add a few drops of carbon disulphide, CSj, and shake the 
contents of the tube thoroughly. If the substance tested 
be hydrobromic acid or any of its compounds, the carbon 
disulphide will be colored brownisli red by the free bromine 
liberated by means of the chlorine water. 

IODINE. 

60. Occnrrenoe. — TodiJio never occurs free in nature. It 
is mostly obtained from wuii-water, from which it is taken 
up by sea-weeJa. These weeds are gathered along the 
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coasts of some countries, especially Ireland and Scotland, 
where they have been washed up by storms. The weeds 
are then dried, and burned in shallow trenches at a low 
temperature, so that the iodides of sodium, potassium, etc., 
may not be volatilized. Now these iodides are soluble 
in water, so they are removed from the "kelp," as the 
ashes of the plants are popularly called, by solution in 
water. 

Plantations of these weeds are cultivated in some parts 
of the ocean, and at proper times vessels are sent out to 
gather the weeds. 

Again, a considerable portion of the iodine that now 
comes to market is obtained from sodium iodide, Nal, 
found occurring along with Chili saltpetre. 

61. Preparation and Properties. — Exp. 51. Place a mix- 
ture of potassium iodide, KI, and manganese dioxide, MnOjj, 
in a test-tube, and add a small quantity of sulphuric acid. 
Note the vapors evolved. 

Ex. Compare this method of preparing iodine with the processes used 
in obtaining chlorine and bromine, and write the reaction. 

Commercial iodine is prepared by the method given in 
the preceding experiment. The materials are placed in 
iron retorts, and the vapors of iodine are condensed in black, 
shining crystals upon the sides of suitable condensers. 

Iodine is much used in medicine, especially in reducing 
swellings and in checking the spread of eruptive diseases 
like erysipelas. When thus applied, it is brought into 
solution by dissolving 20 parts of iodine with 30 parts of 
potassium iodide in 900 parts of water. 

62. Test for Free Iodine. — Free iodine colors carbon di- 
sulphide, CS2, violet. 
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^^boDim: AND 1X3 COMPOUNDS WITH HTDROGBN AND 
^^V OZ7GHH. 

^^^t 63. The coinpoundft frinned liy ioclino rcMeiiible veiy 
* "'olosely thoae fiiriut!<l liy ■jliloriiiu iind bruiiiiiiu. Thia will 

apjiear by inspecting the fumiulis of the following com- 

pounda : — 

PHydripdic acid HI. 
Iodine pentoxide IjOj. 
Iodic acid HTOj. 

Periodic acid HIO,. 

None tif thiisii compoiintla are uaed excepting Lydriodic 
acid, which hus a limited application in analytical work. 
None of the cumpouuda formed hy these substaueeK aud 
the metals ai-e of importance excepting [Mitasaium iodide, 
-yKI. Thia is much used in medicine as a sedative. 

64. Test for Hydriodio Acid or an Iodide. — Add chlorine 
irater to the suljstance, in order to liberate iotUiie. Now add 
to the solution a few lii'ops of carbon disulphide, and shake 
the contents of the tube thoroughly. If tliis acid or one of 
ite compounds be present, tlie disulphide is colored violet. 

NciTK. The iodidwH givu a, pruuipiUW with silver witrute, which may be 
mislakea ior tliat of chlurine or bromlue. See Art. lil. 
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65, Fluorine is a gaseous element which has but recently 
been prepared. It was obtained by electrolyzing perfectly 
dry hydrofluoric acid, HF, in platinum tul)es. Ita chief 
compound is with calcinin, as found in the mineral fluor- 
spar, CaFa. Fluorine i'ornis no compounds with oxy^e-w. 
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and but one with hydrogen, hydrofluoric acid, HF. This 
acid possesses the remarkable power of combining with glass. 
It may be prepared by acting on fluor-spar with sulphuric 
acid : — CaF2 + H2SO4 = CaS04 + 2 HF. 

The preparation and behavior of this acid may be shown 
by the following experiment : — 

Exp. 52. Cover both sides of a sheet of glass with a coating 
of beeswax. With a sharp, soft point cut through the wax some 
design or some written cliaracters. Now place some powdered 
fluor-sj)ar in an evaporating-disli, and then pour on enough sul- 
phuric acid to cover the fluor-spar. Support the glass a short 
distance above the dish, and warm the contents of the dish 
gently. Keep the whole apparatus where the fumes will not 
escape in the room, and in a short time the design or writing 
will be etched into the glass. This is best seen when the wax 
is removed. The fumes of hydrofluoric acid are poisonous, 
and must not be iuhaled. 

What takes place may be shown by this equation : — 

SiOa -f- 4 HF = 2 H2O -f- SiF^. 

Glass is a compound of sand, Si02, and metals, usually 
sodium or potassium. The silicon tetrafluoride, SiF^, is 
a gas which escapes as fast as formed : the fumes may be 
seen during the experiment. 

The best test for fluorine is the etching test, as shown 
in the preceding experiment. 

EXERCISES. 

(For Review or Advanced Course.) 

1. Make a table showing the atomic weights and physical conditions at 
ordinary temperatures of chlorine, bromine, and iodine. Also make a 
table showing the formulae of their compounds with hydrogen and oxygen. 
What similarities and what differences do you find ? 
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3. Whicli posBeasea the stronger chemiHin, chlorine or bromine ? 
ChloriDB or iodine ? (Sua. See the tests fur brumtne and iodine.) 

3. How mauy grammes of clilurine muy be obtained from IOUk NaCI ? 
Uow many litres would this make under standard conditions ? 

4. The volume of a given mass of any gas varies according to the tem- 
perature in the ratio of 273 + ( ; 273 + (', in which I is the given tempera- 
ture, and I' the required temperature. Now let V be the given volume, 
and y the required volume, and we have tlie proportion : — 

V: V: -.273 + 1 -.213+ I'. 
By Buitable transformations this proportion gives an equation suitable for 
solving problemH concerning gases in wliicli variations of temperature are 
iiiYolved ; — 

^ ■' 273 + ( 273 + (' 
Solve the following problem ; — 

Frobleh. Jj' of chlorine gas at I'l" C. become how niHuy litres at 
20° C? 

5. The volume of a given mass of gas varies inversely as the pressure 
or height of the barometer. Letting if be the given height of the barom- 
eter, and II' the required height, we have Ibis ptoportJon ; — 

V: V::H':H. 
Tills gives the equation — 

(2) 111= !■'£', 
an equation uiieful in solving pivblems in gases involving varialjons in 
pressure. Solve this 

Pkob. 10' of oxygen gaa under 7(10™"' pressure become how many 
litres under TGSra'o ? 

8. By combining equations (1) and (2), we have ! — 

273 -i- (' 

This equation is used when lioth temperature and pressure vary. Solve 
thU 

Feod. The barometev reads 765""" and the thermometer 15° C. when 
10< o( hydrogen gas were generated ; how many litrea will this hydrogen 
become when the pressure ia 702""" and the temperature 18° C? 

T. What per cent of KBr is bromine? Potassium? Give a rule for 
determining tlie percentage composition of any clieinicat compound. 

8. How much silver nitrate would be required to pnicipitatti the chlorine 
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in 10« of sodiuni chloride ? (Sue. AgNOj + NaCl = AgCl + NaNOj. By 
taking the molecular weights of these compounds, we find that 170? of 
AgNOj will precipitate the chlorine in 68. 6« of NaCl.) How much AgCl 
will be produced ? How much NaNOj ? 

9. Writing Equations. It is desirable to know how to write equa- 
tions. This may be understood from the following explanation : Place 
the formulae of the known substances, or the substances to be experi- 
mented upon, in the first member of the equation, and connect them by 
the sign -f . Now determine (by experiment or otherwise) what sub- 
stances are produced, and write their formulae in the second member, 
and connect them also by the sign -f . If the equation now balances, it 
is complete. If not balanced, tliis rule applies : There must he an equal 
number of atoms of each element in both members of the equation. For 
example, take the reaction between H^SO^ and KNO3. Since these sub- 
stances are known, we commence the equation thus : — 

H2SO^+KN03= 

Experiment has shown that under certain conditions HNOj and K^SO^ 
are produced. Therefore we place these formulae in the second member, 
and our equation reads : — 

H,SO^ + KNO3 = KaSO^ -f imOg. 

By inspection, it appears that the hydrogen atoms do not balance, so we 
multiply the HNO3 by 2. Again, the potassium atoms do not balance, so 
we multiply KNO3 by 2, and the equation now balances, and reads : — 

HjSO^ + 2 KNO3 = KjSO^ -f 2 HNO3. 

Form equations from these data : — 

1. When BaCLj and KjSO^ react, BaSO^ and KCl are produced. 

2. When Hg2(N03)2 and HCl react, llgaCl^ and HNO3 ^^® produced. 
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66. Binary Compoands. — We have now studied a num- 
ber of cheniiciil compounda, and it will be profitable to cou- 
sider ttiese substances from a theoretical standpoijit* before 
firoceeding farther, for the purpose of arranging them in 
classes and of explaining some of the principles of chemi- 
cal nomenclature. 

We have had a number of substances like H,0, HCl, 
III, HBr, HP, etc., which consist of but two elements com- 
liinod in definite proportions. Now these substances, and 
all otlioiB which consist of but two elements, are called 
Binary Compounds. The principal elements which form 
binary compouuds are oxygen, sulphur, chlorine, bromine, 
and iodine. 

It is a general rule that the names of all binary com- 
pounds shall end in " ide." Thus the binary compounds 
containing oxygen are called oxides, while the names sul- 
phides, cidorides, iodides, etc., readily suggest what element 
eaters uitii the compound named. 

Now, since any of the " ide "-forming element* may 
unite with any of the metals to form an " ide " compound, 
it is necessary to distinguish between tlie compoiinds thus 
wd. This is done by prefixing the name of the rndta-V 
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to that of the "ide "-forming element. Thus, KCl is called 
potassium chloride, NaBr is called sodium bromide, CaF, 
is called calcium fluoride, etc. 

Sometimes an " ide "-forming element unites in more 
than one proportion with another element. In such cases 
the prefixes " mon," " di," " tri," " tetr," " pent," etc., sig- 
nifying respectively one, two, three, four, five, etc., are 
prefixed to the name of the " ide "- forming element. 
Thus we have chlorine monoxide, ClgO ; chlorine trioxide, 
CI2O3; etc. The nitrogen oxides also furnish further 
examples. 

Ex. student name the following: CaO; LjOg; SiF^ ; KF ; HBr; 
CaS .: LiCl ; NaBr. 

There are some of the metals which form two classes of 
compountls. In such cases the name of the metal is mod- 
ified by the suffixes " ous " and " ic." Thus we have 
HggClg, mercui'ous chloride, and HgCl2, mercuric chloride. 
The principal metals forming such distmct classes are mer- 
cury, iron, copper, tin, and lead. Examples of these will 
appear further on in their appropriate places. 

When more than two classes of compounds are formed, 
other means of distinguishing them are employed. Thus 
manganese forms the oxides MnO, manganous oxide ; 
MugOs, manganic oxide ; Mn304, manganoso - manganic 
oxide, Le, consisting of manganous and manganic oxides ; 
and MnOg, manganese dioxide. 

Sometimes the relation of 2 to 3 is indicated by the 
word " sesqui " ; thus, FcjOa, sesqui-oxide of iron. But the 
most recent name for this compound is ferric oxide. It 
will be noticed that in the cases of iron, copper, tin, lead, 
and some other metals, the Latin names are used when 
naming the two classes of salts. 
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67. Higher Componndi! are those containing more tlian 
two elfment.i comljiiieil in definite proportions. Examples 
of thewe are already familiar to the student. 

68. Aoids. — In the preceding pages the word acid has 
been used many times, and several acids have been pre- 
I)ared and tested. It is difficult to give a concise definition 
of an acid, hut in general we may say that it is a hydi'ogen 
compound usually having a sour taste and corrosive prop- 
erties ; it is capable of changing vegetable colore, as iu 
turning blue litmus red ; and it can give up some or all of 
its hydrogen and take a metal instead. 

There are both binary and higher acids. The principal 
binary acids have already been studied. Thus we have 
had H CI, hydrochloric acid, or hydrogen chloride; HBr, 
hydrobromic acid, or hydrogen bromide ; etc. We shall 
also see that sulphur and some other elements foim with 
hydrogen binaiy aeida. This class of acids is often called 
the hydi'ogen acids, or the hydracids, to distinguish them 
from tiie higher acids, which contain oxygen. 

We have also liad experience with a goodly number 
of the higher, or better, the oxygen aeids. Thus, HNOj„ 
nitric acid ; HClOa, chloric acid ; HBrOj, bromic acid ; etc 
In naming these aeids, it is a nde that the most common, 
the most important, or the one iirst discovered, shall have 
a name ending in " ic," and that this suffix shall be joined 
to the name of the aeid-forming element, thus : — 

Nitric aeiti, HNOj, 
Chloric acid, HC10„ 
Sulphuric acid, H^O^. etc. 

The acid having one less atom of oxygen than the " ic " 
auid has ■' ou.s " pi'efixed to the name of the acid-formiu^ 
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element ; the acid with one less atom of oxygen than the 
" OTIS " acid is called the " hypo-ous" acid ; while that with 
one atom of oxygen more than the " ic " acid is called the 
" per-ic " acid. All this will become apparent by an exam- 
ination of the formulcTD of the chlorine oxacids. 

When more acids than those just enumerated appear in 
a series, other means of naming them are employed, as will 
become apparent in the sulphur oxacids. 

69. Bases. — The word base is used differently by differ- 
ent chemists. Some define a base as being any substance 
that ^\dll unite with an acid, to remove part or all of the 
hydrogen of that acid, and to form a substance called a 
salt. This is a sweeping definition, and would include at 
least three different classes of substances, viz. : (1) the 
metals ; (2) the metallic oxides ; (3) the hydroxides, which 
are compounds of the metals and the radical hydroxyl, OH. 
As examples of the hydroxides, we may mention potassium 
hydroxide, KOH ; sodium hydroxide, NaOH ; calcium 
hydroxide, Ca(0H)2; barium hydroxide, Ba(0H)2; etc. 
Many chemists apply the word base to the hydroxides only. 

70. Salts. — When an acid and a base react, the acid parts 
with all or a part of its hydrogen, and forms a compound 
called a salt. Thus, when a metal like zinc reacts with 
hydrochloric acid, the hydrogen of the acid is set free, and 
the salt, zinc chloride, is produced thus : — 

Zn -f 2 HCl = ZnCla + 2 H. 

This is generally true of acids and metals, with a few 
exceptions. Nitric acid forms an important exception, 
since under ordinary conditions, while salts called nitrates 
are formed, no hydrogen is liberated, but, instead, water, 
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HjO, and nitrogen ilioxide, NO, are produced. The follow- 
ing equation is a typical one for nitric aeid and a raetal : — 
3 Cu + S HNOj = 3 Cu(N03)j + 4 HjO + 3 NO. 
When an oxide and an aoid react, a salt and water are 
produced, thus : — - 

BaO + HjSO^ = BaSO^ + H,0. 
When the reaction is between a hydroxide and an aeid, 
a salt and water are also formed: — 

KOH + Htn = KCl + H/X 
Thua it appears that a fair definition of a salt would be : 
A salt is an acid in which all or a part of its hyth'ogen has 
been replaced hy a metal. 

71. ITonnal, Aeid, and Basic Salts. — When all of the 
hydroijen of an aeid ha.i been replaced hy a metal, a 
normal salt is obtained; thus, K5SO<, potassium sulphate, 
is a noi'nial salt. When only a part of the hydrogen has 
thus been replaced, an acid salt is produced; thus, HKSO,, 
acid potassium sulphate, is an acid salt. 

An oxide or a hydroxide of a metal may unite with a 
normal salt to form a basic salt. Thus : — 

HgSO, + 2 IlgO = Hg,SOo. 
In this case basic mercuric sulphate is formed. Again : - — 
L Pb(NO„)a + Pb(OH)a = 2 PbOHNO,^ 

Hnter may also produce a basic salt thus : — 

I{i(H"0^j + 2 HsO = Hi {0H)^08 + 2 HNOg. 

We will now explain how the salts derived from the 

different acids ai-e lianied. In the ca.sc of the salts from 

the binary acids what has been said under binary com- 
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pounds will apply, and no further explanation is neces- 
sary. But when we come to the salts from the oxacids, 
further explanation is necessary. 

It is a rule that when the name of the oxacid ends in 
" ic," the name of the salt shall end in " ate " ; and when 
the acid ends in " ous," the salt shall end in " ite." This 
will be understood by examining the potassium salts of 
the chlorine oxacids, as follows : — 

Hypochlorous acid, HCIO, forms potassium hypochlorite, KCIO. 
Chlorous acid, HCIO2, forms potassium chlorite, KCIO2. 
Chloric acid, HCIO3, forms potassium chlorate, KClOg. 
Perchloric acid, HCIO4, forms potassium perchlorate, KCIO4. 

In naming the acid salts it is best to indicate the number 
of atoms of the metal present by the usual prefixes. Thus, 
sodium and phosphoric acid form two acid salts, NaH2P04, 
monosodium phosphate, and Na2HP04, disodium phosphate. 
The normal salt is called simply sodium phosphate, Na8P04. 

72. Valence. — Let us examine the following formulae : 
HCl ; H2O ; HgN ; H4C. Now these actually represent com- 
pounds, and in them we see that chlorine, oxygen, nitrogen, 
and carbon differ in the number of hydrogen atoms that 
each holds in combination. This is explained by saying 
that each of the elements named has a different valence. 
In order to measure the valence of an element, we may 
take a simple atom like the hydrogen atom. Let this be 
the standard, and it follows that chlorine is univalent, 
oxygen is bivalent, nitrogen is trivalent, and carbon is 
tetravalent. If we wish to measure the valence of an ele- 
ment that does not unite with hydrogen, we may take 
some other univalent element, like chlorine, which does 
unite with the element in question. 
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It must not be inferred tliat valence is an unvarying 
propei-ty, since many elements appear to have different 
valeneea in different compounds. Thus, in HCl chlorine is 
univalent, while in HClOj it is peutavalent. Likewise, 
phosphorus in PClg is trivalent, while in PClj it is pentav- 
alent. The most common valences of the elements are- 
indicated in the tahle, Art. 10, by small Roman numerals 
or by indices written to the right and above the symbol. 
Usually the symljols are written without these. 

73. Bubstitnting Power and Valence. — We have already 
noticed how the hydrogen of an acid is replaced hy a metal 
to form a salt. Tliis replacement takes place according to 
fixed laws, depending upon the valence of the metal. Thus 
a univalent metal will replace one atom of hydrogen, a 
bivalent metal will replace two atoms of hydrogen, etc. 
If the acid molecule does not contain a sufficient number 
of hydrogen atoms to equal the valence of the metal, the 
acid must be multiplied by some ligure to make them equal. 
Thus, Ca"is bivalent; when it unites with HNOa, the acid 
must be multiplied by 2 in order to satisfy tlie i-equire- 
ments of the bivalent calcium. Ca(N0s)5 is produced. 
Other cases arise, but they will oifer no difficulty. 



74. Determination of Atomic Weights by Avogadro's Hypoth- 

Klementa that form compounds that are gases or 
may be converted into gases may have their atomic weights 
determined by means of Avogadro's hypothesis. First the 
molecular weight of each available compound of that ele- 
ment is ascertained. Then each compound is analyzed, 
and the proportions noted in which its constituents com- 
bine. Tlien the smallest number which occurs in any of 
the compounds analyzed is taken as the atomic weight. 
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EXERCISES. 

{For Review or Advanced Course.) 

1. K to the number which represents the valence of an element we 
assign a positive or negative sign, the sum of these numbers in any stable 
chemical compound will always equal 0, provided we let H = + 1, O = — 2 ; 
and the metals are to be assigned + indices, except such as form binary 
compounds with hydrogen. 

These data may be utilized to determine the valence of an element in 
any compoimd ; e.g. What is the valence of CI in HCIO^ ? Now H = + 1 
and O4 = — 8. What is needed to add to the + 1 to make a number suf- 
ficiently great so that when it is added to a — 8, the sum shall be ? That 
number is evidently + 7, which equals the valence of CI in this particular 
compound. 

Ex. Determine the valence of chlorine in all its oxacids. 

2. Many chemists prefer to write what are called molecular equations. 
Most of those already given are what might be termed atomic equations, 
since they are supposed to indicate what takes place when the elements 
of a molecule are torn apart and thus brought into the atomic or nascent 
state. But atoms probably do not remain in this state, but immediately 
seek out other atoms with which they may unite to form new molecules. 
When a simple gas like hydrogen or oxygen is liberated, the hydrogen 
atoms unite to form hydrogen molecules ; thus, II + H = H^. So, like- 
wise, with oxygen or any element. Molecular equations, then, represent 
what has taken place after this re- arrangement is effected. In writing mo- 
lecular equations It is only necessary to have each free gaseous element 
appear as a molecule ; thus K -f Hfi = KOH -f H is written 2 K -|- 2 HjO 
= 2 KOH -f H2. 

Ex. Rewrite in molecular equations all suitable atomic equations 
previously given. Read Meyer's Modern Theories of Chemistry, pp. 
195-204. 
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Data for ConpnTATiONB. — Symbol, C; Atomic Weight, 12; Specific 
Gravity : Diamond, 3.6 to 3.U ; Orapliite, 2.25 ; Cliaicuai, 1.57. 

75. Occurrence. — Carbon occnra widely distributed. In 
the free condition it is found in transparent crystals as 
DiamoiidK, and in opa()ue, aix-sidcd slaba aa Q-raphite. In 
unpure forms it constitutes the greater [loi-tion of Coal, 
Soot, and Lampblack. But the largest quantities of carbon 
are found combined with hydrogen, oxygen, nitrogen, and 
a few other elements, in plants, and in all living struetures. 
Again, large quantities of carbon occur in the carbonates 
and in carbon dioxide. 

76. Preparatioii and Properties. — Exp. 53. Ignite a match, 
and hold in the flame a hit of cold glass. What is deposited 
on the glass ? Extinguish tlie match, and dip the glowing 
coal in water. What kinds of carbon have yon thus prepared ? 
Where is soot deposited ? 

Lampblack is prepared on the large scale by burning 
resios or oils in a limited supply of air. The lampblack 
is coUecterl on suitable condensers. Charcoal is made by 
burning wood In a limited supply of air in coal kilns, or 
distilling wood in large cbiscd retorts. When distil- 
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lation is used, valuable products, such as tar and acetic^ 
acid, are obtained by condensing the vapors. 

Exp. 54. Color about 50" oC water with any organic color,! 
sucli as cocldneal or litmus solution. Place in a genera,ting»fl 
flaak some freshly burned charcoal which has been finely puI-J 
verized, or, better, some good boneblack, and then add abouftf 
half of the colored solution. Shake the eontenta of the flask] 
for some time, and then lilter. Compare the color of tlie 
trate with that of the solution which waa not treated. What ^ 
change do you notice ? 




I Charcoal is very porous, and it has a wonderful power of 
absorbing gases. Its pores therefore contain much atmos- 
pheric oxygen. Now when certain vegetable or animal 
substances are brought in contact with this oxygen, they 
are oxidized and thus <lestroyed. This property of ohaT> 
coal is largely utilized in refining sugar, in making wateiv 
filters, and for disinfecting purposes. Charcoal made from 
blood is best for these uses, but sugar-refinera mostly use 
Boneblack, which is made by charring bones. Charcoal 
from wood is principally used in water-filters. Wood 

^^ charcoal is prepared by burning wood in charcoal kilns 

|^<Fig. 18). 
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Ex. Why Bhfiiitd a water-fllWr be deaned and reuewed fraquenllj, and 
why otten allowed to nin dry V IIow can you obtRin carbou from kero- 
SBTio oil ? From illuminating-gas ? Wliat makes a lamp smoke ? For 
what purposes is charcoal iiaed in the arts ? 

Stone Ctxil is the remains of a magnificent vegetation 
which floui'ished during the carboniferous age and some 
of the jjeriods following. Heat and pressure are the prob- 
able agents which converted this vegetation into stone 
coal. When the heat and pressui'e were great. Anthracite, 
or " hard " coal, was produced; and when these agencies 
were less intense, Bitummoue, or " soft " coal, was formed. 

Lignite is a soft coal of more recent origin, beiaig derived 
from deciduous trees similar to those now living. 

Peat and Turf consist largely of the roots and stems of 
low-growing herbs such as grasses and weeds. 

Ei. For what purpoaeH are the difEerent kinda of coal employed ? • 
Where is peat lai^ely used '/ 

Graphite, also known as "plumbago" and "black lead," 
has been artificially produced in insignificant quantities in 
iron furnaces. But it occufm native quite plentifully in 
many localities. It is largely nsed for making lead-pencils 
and crucibles. For these purposes it is mixed with clay. 
Graphite is also used for polishing purposes, in coating 
powder and shot, in electrotyping, and in the manufacture 
of stove-blacking. 

Gae Carbon is found in the retorts used for distilling 
coal in the manufacture of illuminating-gas. This form of 
carbon is much employed in making plates for galvanic 
batteries and for making carbon pencils for electric lamps. 

Diamonds are found in Africa, India, South America, 
,nd in some of the United States. They occur in earthy 
8 or in ciaj"ey sliales: the method of their formation 
Ipt uudei'stood. 



The primary form of tlie diamond crystal is octahedi 
jfFig. 19), but it occui's also iu many other forms ( 
|{rom this primary foi'm. 

Diamond!! vary in uolor from the pure, limpid, variety t 

Bithe blauk diamond, or Carbonado. The colorless diamoof 

1 highly prized as a jewel, while the yellowish variety i| 

lless esteemed. Blue and green diamonds are beautiful 

Pfftnd rare, and con8ec[ueutly high -in price. 

The diamond is insoluble in acids and in alkalies] 
refracts liyht strongly, whence arises its brilliancy; it is 





Jha. 18. — CrjBtala • 

Ll^e hardest substance known and does not tarnish undQJ 
any circumstances, and it is to these properties that i 
owes its value as a jewel. 

At high temperatures the diamond will barn in i 

atmosphere of oxygen, forming carbon dioxide, C0„ e 

. leaving a small amount of ash ; in fact, it is almost j 

[carbon. 

Low-grade diamonds are used for cutting glass and i 
r writing on glass. Diamond dust is used in polishii^ hard 
Land refractoi-y substances, including the rough diamca 
Mtself. Black diamonds are extensively used for i 
[points. Equipped with these drills, the miner borei 



through tlie hardest rock with ease ; and thus he is enabled 

to explore the earth to a depth of thousands of feet while 
searching for its hidden treasui-e. 

Exp. 56. Heat a few grahis of sugar in an iron spoon or 
on a bit of porcelain. Do yoo obtain carbon ? Thus try stwoh, 
beeswax, j}arafiin, tallow, and gum aralnc. If the substance 
bums with a flame, hold a cold (liece of metal or glass in the 
flame- Are all these carbon compounds ? 

In this way it may he shown that all substances of veg- 
etable and animal origin are compounds of carbon. In 
shoit, so great is the number of these compounds that they 
are usually treated under a sejiai'ate heading or in a book 
devoted exclusively to them. Thia brancli of Chemistry 
is called TJie Ghemhtry of the Carbon Compounds, or 
Organic Chemiatri/. 

77. TostB for Carbon. — Free carbon is readily recognized 
in any of itj( forms by its physical properties. 



CARBOI7 AITD BTDBOaEN. 

78. Carbon and liytb'ogen unite to form a multitude of 
compounds. In this chapter we shall note but three of 
these compounds, reserving further notice to a succeeding 
chapter. The names and formula of the three to be con- 

tred here are : - — 
Methane, or marsh gas .... CU,. 
Ethylene, or olefiant gas . . . C,H,. 



Methane, CII,. 
Preparation and Properties. — Exp. ^i~>. Mix 2' sodium 



" acetate, NaQ.lI.O.j, v-hh-h 1 



lughly dri 



, with 8" 
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sodium hydroxide, NaOH, and 2« finely powdered quicklime, 
CaO. Fit a jet delivery-tube to a hard glass test-tube ; place 
the mixture in the test-tube, and heat the contents in the 
Bunsen flame. When the gas issues freely, hold moistened 
strips of red and blue litmus paper in it, and finally ig^te it. 
The reaction is 

NaCoH^i ). + NaOH = NagCOg -f CH4. 

Ex. Is methane an acid ? An alkali ? Is it inflammable ? Deliver 
a small (juantity of th(? gas in a large test-tube, and mix it thoroughly 
with air ; apply a match to the mouth of the tube. Is methane explosive ? 

Methane occurs in nature very plentifully, especially in 
connection with coal and in the oil regions. Natural Gas^ 
which has lately risen to such a degree of usefulness, 
consists largely of methane. In coal mines it forms the 
miner's dreaded "fire damp," which is respon- 
sible for the numerous mine explosions that 
frequently occur. 

Methane also occurs in marshy places and in 
stagnant pools, being produced by the decay of 
organic substances. From this fact it derived 
the name Marsh Gas. 

Methane is neither an acid nor an alkali ; but 
as we shall see further on, it is important, in 
that it is the lowest member of a series of hydro- 
carbon compounds, many of which are of the 
greatest utility. 

Methane is not readily acted on by reagents \ 
hence it affords no common test other than the color of 
its bluish yellow, non-luminous flame, taken together with 
its explosive properties. 

Ex. Write a short sketch of Sir Humphry Davy, who invented the 
miner's safety-lamp (Fig. 20.) 




Fig. 20. 
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Ethvlenk, ok Olefiant Gas, CjH,. 



80. Ethylnue is furniiid by the deatruetivti tlistillatiou of 
coal ; consequently it always fonus a valuable eonutitueDt 
of coal gas. 

Esp. 5G. Place 10« etliyl alcohol, C,HsO, in a generating- 
flask which has been provided with a jet delivery-tube ; add 
50* sulphuric acid ; heat gently, aud note the gas which escapes. 
Finally igoitu the jet, aud uute the flame, which is the same 
I as the ordinary luminous gas-flame. The sulphuric acid simply 
deprives the alcohol of one molecule of water : — 

C,H„0-H,0 = CaH4. 

Exp. 57. Nearly till the bowl of a common 1 1 ty pipe with 
powdered bitiuiiinous eoal and tlien liose the mouth of the 
bowl by a covering of wet clay Now dry the clay, ami heat 
the bowl of the pipe in thi, Puuseu flame, and ignite the gas 
escaping from the steri 1 tl e ] ip It is lUttrntniUing-Gkis 
When the gas is all di \en out t\imine the contents of the 
bowl. Coke remains. 

niurainating-gaa in a mixture of hydrogen, methane, 
ethylene, carbon monoxide, CO, and small quantities of 
various other gases. One of the by-iirttduct** formed in 
I distilling coal is Coal Tur. Fiiiin this reniai-kablo 8ub- 
Btance many useful pi'oduetw liave been obtained, among 
which are many beautiful dyes. 

I 81. Tert for Ethylene. — If tlirougli a jar of ethylene 

I chlorine gas be passed, a heavy oily liquid, ethylene 
I chloride. Cy{(Cla, often called "Dutch liquid," will be 

formed ; the odor of thia aubstaiice resembles that of 

cliloroforui. 
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Acetylene, C2H2. 

82. Acetylene is also a gas possessing a disagreeable 
odor. It is formed when an ordinaiy Bunsen burner 
strikes back and burns at the base. This gas is remarka- 
ble, since it is the only compound of hydrogen and carbon 
that has been prepared by the direct union of these ele- 
ments. The method of its synthesis is extremely simple : 
powerful electric sparks are passed l>etween carbon termi- 
nals in an atmosphere of hydi-ogen. The odor of acetylene 
betrays its presence. 

CARBON AND OX7GEN. 

83. Two oxides of carbon are known : — 

Carbon Monoxide, CO ; 
Carbon Dioxide, COg. 

Of these gases, the latter is the most important. The 
monoxide is formed when carbon is burned in a limited 
supply of air : — C -f = CO. 

This is an inflammable, poisonous gas burning with a blu- 
ish flame, as seen in the flickering flames above the burning 
coal in coal stoves and grates. When carbon monoxide 
burns, it is oxidized to the dioxide thus : — 

CO -f = CO2. 

Carbon Dioxide, CO2. 

84. Occurrence. — This important gas, often called car- 
bonic acid gas, occurs very plentifully in nature. It 
occurs free in the atmosphere in small but almost unvary- 
ing proportions, and it is from this source that plants ob- 
tain nearly all their supply of carbon. Limestone, CaCOs, 
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[ other mineral carbonatea form a lai^e proportion of 
the earth's must. Sliella aiid munj uoral foi-mations are 
almost pure limestone. 

8S. Preparation and Properties. — Ksp. 58, Plane a small 
qiiiiiitity of calcium liyilnixiiUi solution in a small licaker. 
Using a gloss tube, force the breath tliruugh this solution. 
Note the white precipitate formed : — 

Ca(OiI)a + COa = CaCOa + HA 
The carbon lUoxide ooineH from the breath. Continue to pass 
the breath throiigh the solution, and the jireeipitate dissolves. 

Carbon dioxide is one of the waste products of the body. 
Every air-breathing animal exhales this gas at every 
breath. 

Exp, 69, Place a burning taper in a wide-mouthed bottle, 
and cork the bottle loosely. When the taper is extinguished, 
remove it, and pour into the Iwttle a little calcium hydroxide 
solution. Shake thoroughly. Do you obtain a white precipi- 
tate ? Is carbon dioxide present ? Whence came it ? What 
equation applies ? 

Every carbon-bearing conijioiunl when burned in the air 
produces carbon dioxide. Volcanoes also send out large 
volumes of this gas, 

Exp. RO. Make a dilute solution of sugar, and add a littlt> 
baker's yeast. Fill a test-tube with this solution ; also place 
a small quantity of the same in an evaporating-dish. Invert 
tha test-tube, and plar.e its month below the solution in the 
dish, and allow tJie whole to stand in a warm place. Fermen- 
t<aion soon sets in ; bubbles of gas rise and fill the tube. Turn 
this gas out into a clean test-tube, jiouring the gas as if it were 
A liquid, and then test the ufiutents of the second tube for 
carbon dioxide. 



74 CAltBON AND OXYGEN. 

During fermentation and in the natural decomposition 
of all organic substances, carbon dioxide is liberated. The 
atmosphere contains by volume from 2.7 to 3.5 parts of 
carbon dioxide in 10,000. 

Ex. In what ways is carbon dioxide liberated in a living-room ? In 
the atmosphere ? Water containing carbon dioxide in solution can dis- 
solve limestone ; explain the disappearance of the precipitate formed in 
Exp. 58. 

Exp. 61. Place about 10*^ of coarsely pulverized limestone 

or marble, CaCOg, in a generating-flask, fitted with a V-shaped 

delivery-tube. Cover the limestone with dilute hydrochloric 

acid, and warm gently if necessary. The followmg reaction 

occurs : — 

CaCOg -f 2 HCl = CaClg + HgO -f COg. 

The gas may be collected by delivering it at the bottom of any 
deep and narrow vessel, or it may be stored in gas-bags. 

Exp. 62. Fill a wide test-tube with carbon dioxide, and 
then lower into it a burning taper. What occurs ? 

Exp. 63. Place a mouse in a jar of carbon dioxide. Note 
the rapidly fatal effects of the gas. 

Exp. 64. Attach a common clay pipe to the nozzle of a 
gas-bag filled with carbon dioxide. Dip the bowl of the pipe 
in a soap-bubble solution, and allow the gas to escape, forming 
a bubble. Shake the bubble loose. Does it rise or fall ? Is 
carbon dioxide heavier or lighter than air ? 

Exp. 65. Place the tip of the delivery-tube into the bottom 
of a test-tube filled with cold water. Allow the gas to bubble 
up through the water for some time. Test the water as fol- 
lows : (1) Taste it. Is it acid ? Also test it with blue litmus 
paper. (2) To a portion of the water add calcium hydrox- 
ide solution. Did the water dissolve any carbon dioxide? 
(3) Boil the remainder of the water, and test as before. What 
effect does boiling have upon solutions of carbon dioxide in 
water ? 
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When lai^e supplies of carbon dioxide are required, 
they are obtained by acting on some of the metallic carbon- 
ates by means of an acid. Thus soda-water fountains are 
charged by treating powdered marble with sulphuiic acid. 
In baking-powdei's carbon dioxide is liberated by the reac- 
tion between sodium carbonate and cream of tartar, or acid 
potassium tartrate, KHCiHjOo. Sometimes alnm is inju- 
riously employed instead of the creain of tartar. 

C'arbon dioxide ia hea^vier than air, liaviug a specific 
gravity of 1.529, while one litre weighs 1.966*. In conse- 
quence of its high specific gravity, it collects in wells, 
caves, and mines; and many persons lose their livw by 
going down into places filled with this gas. It setmis to 
produce its fatal effects by suffocation. 

Carbon dioxide is a veiy stable couqjoujid, but it« separa- 
tion can be effected by the metliod sliowu in the following 
exj>eriment : — 

Ext. G6. Hold a piece of bumini? rsagnesiiim ribbon in a 
jar of carbon dioxide. Is carbon liberated? 

Since we have a series of salts, tlie carbonates, the exist- 
ence of a correspdiiding acid would l>e suggested. Thus 
if we reganl carbon dioxide as the anhydride of that acid, 
we have : — CO^ + H,0 = HjCOg. 

And we iniglit suppose that tlie metals unite with this acid 
t^i form the carlionatea. Again, a solution of carbon diox- 
ide in water has a weak acid i-eaction to test jMijier. But 
notwithstanding all these facts, carbonic acid has not been 
(Spared in a pui'e, concentrated state. 

Tests for Carbon Dioxide and the Carbonates. — 1. If 

■ec gas Ix- led through a sulntioii of r-ivlriinii hydiiixide. 
[fOH)„awIiito pWcipitatAinf cahiiiini enrlmnat^^ is formed 
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2. If the free gas be in a water solution, it may be placed 
in a generating-fliisk fitted with a delivery-tube, and boiled 
out and passed through calcium hydroxide as before. 

3. Any of the mineral carbonates will effervesce with 
hydrochloric acid, yielding free carbon dioxide which may 
be generated in a flask and tested as in 1. 

Cyanogen, CN or Cy. 

87. But one compound of carbon and nitrogen has been 
prepared, and that is the gas, Cyanogen. When mercuric 
cyanide, IIg(CN)2, is heated, cyanogen is liberated; but 
the gas is too poisonous for the beginner to prepare. 

Hydrocyanic or Prusstc Acid, HCN. 

88. Prussic acid is one of the most deadly poisons, known. 
It occurs in minute quantities. It c^vn be prepared by treat- 
ing mercuric cyanide, Hg(CN)2 with hydrogen sulphide, 
HgS, thus : — 

Hg(CN)2 + HgS = HgS + 2 HCK 

The acid has a faint and peculiar odor resembling peach 
blossoms. The beginner may omit its preparation. 

An important class of compounds may be regarded as 
derived from this acid. These are the cyanides, among 
which is the well-known potassium cyanide, KCN, which 
is used in silver electroplating and as an insecticide. 

89 Test for the Cyanides. — The cyanides always emit a 
peculiar odor resembling that of the acid. But in case of 
doubt a good test follows : Add to the solution potassium 
hydroxide, KOH, and then add ferrous sulphate, FeS04. 
Now shake thoroughly and acidulate the contents of the 
tube with hydrochloric acid. If a cyanide be present, a 
deep blue precipitate (Prussian blue) will be formed. 
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^^P {Foi- flidc'cw or AUronred Course.) 

' 1. Teat a& many different kirulK nt sliella n,» you can Hnil for carbonates. 

Also teat several specimens of rocks for carLuaalcs. Usiially it will be 
saffirient to add hydrocldorlo acid, IICl, and note tlie efCervcacence, witii- 
uut poBaing the gus tlirougti lime-water. 

3. Read in aome tfiit on Geology a description of the carbon if erooa 

it. Read all tlie autliorities at hiind nn the topic of ventilation. 

4. Procure a stoppered bell-jar, or a large bottle from whicb the bottom 
has been evenly cut off and gronnd no that it will set on a board or oil the 
desk nearly air-tight. IiCt tliis represent a school-mcim. Now let a lighted 
biper represent the pupils sitting in the room. Make the following exper- 
imenta, and show what principles they illustrate in ventilation ; — 

(a) Plai* tiie bell- jilt nn the clesk, and insert the stopper. This now 
represents a room with, no ventilation. Remove the stopper, insert the 
lighted taper, and then return the stopper. You now have a repi'esenta- 
tlon of a room with no vejitiUtion, anil with the pupils sittuig in it. What 
occurs ? What lesson does tills teach ? 

(b) Most country school'housea have a hole in the ceiling for a venti- 
Iiitor. The jar Bitting on the desk, with the stopper removed, will repre- 
sent such a room. Let the air in the jar be pure, and insert the boriting 
taper, leaving out the stopper. This arrangement repreacnla such a room 
with the pupils sitting in It. What occurs, aud what lesson is taught ? 

(r) Now put the stopper in place, ami let one edge of tlie jar project 
slightly over the edge of the desk. This represents a room with a venti- 
lating oi)cning itt the bottom. Insert the burning taper when the jar is so 
placed. What occurs, and what is the deduction therefrom ? 

(d) Now leave the stopper out, and let the edge of the jar project an 
before. We now have two openings fur rentilaUon. luaert the lighted 
taper, and note the results. What is the course token by tlie air ? What 
la the course of tlie circulation in the other arrangements ? What lesson 
have you learned ? 

5. What weight of CO, can you obtain from lOM of CaCO, ? How 
many litri's would this be under standard conditions? At 14'^ C. and 
758"™, how many litres ? 

0, How could you test » well for CO, P It one man loses liis life in a 
well containing chokH damp, why does aiiol.htr pei'son almost invariably 
low his lite in the same well also ? What onjtlit always to be done before 
venturing into a well ■? 
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EXERCISES. 



7. Ilold a piece of fine wire gauze down over the Bunsen flame, Fig. 22. 
Explain what tiikes place. 

8. Explain the action of the minor's safety-lamp, Fig. 20. 

9. Generate some sulphuretted hydrogen (Art. 95), and pass the gas 
iirough a test-tube of cold water. Place the solution thus formed in a 





Fio. 21. 



Fkj. 22. 



flask. Add some powdered charcoal, and shake, lias the odor disap- 
l)(;ared ? Exi)lain. 

10. Wliat substances are produced during the combustion of hydro- 
carbon compounds ? 

1 1 . Fill a tumbl(T or beaker-<;lass with carbon dioxide, and then pour 
the gas into a similar vessel containing a lighted taper (Fig. 21). Explain 
wliat occiu-s. 




CHAPTER Vn. 
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SULPHUR, S^a-ENIUM, AND TELLURIUM, AND 
THEUl CUMPCIUNDS. 



Data for Computations. —Symbol, S; Atomic Wei^t, 32; Specific 
Gravity (cxystals), 2.05; Mpiliiig- Point, IIS^C; Boiling- Point, 447°C. 

90. Occnrreuce. — Sulphur occurs native in vok'nnic 
I'egions. Its oiimpoundB ure iilso widely distrihutecl. Ii-oii 
pyrites, FeS„ fu- fonl's f,'nld ; gitlcna, PbS ; einiiiiliar, HgS ; 
gyjisuici, CaSO^ + 2 H,0, and lieiivy spar, BaSO<, am among 
the most plentiful compounds. 

91. Preparation and Froperties. — -Native sulphur \s read- 
ily separated fritin its impurities hy fusion. It is afterward 
(liatilled, and the vapors arts eonduet«d into auitalile con- 
densing chambers. If the chamber be cold, ^flowers of sul- 
phur are obtained. If the temperature of the chaml)er is 
at about the melting-point of stilpliur, it is obtsiined as a 
liquid whicli is di-awn off and cast into sticks known as 
roll sulphur or hnvigtone-. But the greater part of the sul- 
phur used in the aila is simply the crude product obtained 
by fusion. 

Exp. 67. Dissolve 1« slaked lime in 13" of water. Add 

2* flowers of sulphur, and l>oil. Now iilter the soliitiou, and 

,. acidify wit.li hydnwhlorii' iu^iil. A white pri'cipitatn of finely 

nded auljihur is ohtaincd. At first culcium pen ta.su! phi tie, 






obtained; tliis ia ilccom posed bj' the acid whicli 
lally added. Write the equation. 

The product obtained in tbc prei^cdin^ experiment is tlia 
lac aulphuns, or milk of sulphur, uf tlie I'liaraiaeopojia. 
ia used in niediciue. 

Exp. 68. Place a small quantity of flowera of sulphur i 
a test-tube, and add carbon disulphide, GSj; close th& tul 
with the thumb, and ahake till the sulphur ia dissolved- No 
pour the solution into a small licaker, and allow it to erapoiK 
in the air without heat. Note the sulphur crystals obtained. 





The primary fonn of the sulj)hur ci'ystal is the ocl 
dron (Fig. 23). But in all there are no less than 
different fonns derived fi-om the primary ci'ystal. 

Exp. C9, Melt sulphur in a test-tube, and then heat mil 
it becomes black and fluid. Now t\im the molten mass In 
cold water (Fig. 24). Examiue the product. 

This experiment furnishes pla»ti<i sulphur, wlii( 
stroiiffly resembles caoutchouc. When ruljber gum 
heat«d with sulphur at moderate tempei'atnres, a betta 
^material for some purjirises is obtained than the pure gun 
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itself. When higher temperatures are employed, vulcanite 
or ebonite is obtained. Large quantities of sulphur are 
tlius consumed. 

Exp, 70. Heat a pine splinterj and dip it in flowers of 
sulphur. Now ignite, and note the fumes, 80,. 

Sulphur is largely employed in making matches, in 
bleaching straw goods and hops, in preparing Bulpliuric 
acid, and in the manufacture of gun-powder. 

92, Testa for Free Sulphur. — Free sulphur can be reeog- 
niKcd liy its physical projrerties and by its fumes when 
ignited. 

SULPHUR AND HYDHOQEN. 

^t 93. Sulpliur and hydrogen form two compounds: — 

^H Hydrogen sulphide, H,S. 

B^ Hydrogen persulphide, HaSjCi*). 

Of these compounds, the Hi-st is the more important. Tlie 

second has no industrial uti^e. 

IIvriKOOEN Sulphide, H^S, 
94. Occurrence. — This substance is a gas commonly 
called Sulphuretted Hydrogen. It occurs in large quanti- 
ties, both free and eond>ined. It is sulphuretted hydrogen 
that gives the offensive odor to many " 8uli>hur springs " 
and minei-al waters ; it is a product of volcanic action, and 
of the decom^Kisition of albuminous substances, at) noticed 
in the odor of rotten eggs. It is pi-odncod periodically in 
some surface wells by the action of organic substances, such 
its wooden curbing and wooden pumps, on iron pyrites 
in the presence of mineral ingredients dissolved* in tiie 
watei-s of the wells. 
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95. Preparation and Properties. — Exp. 71. Place two or 
three small pieces of ferrous sulphide, FeS, in a generating- 
flask fitted with a V-shaped delivery-tube. Cover the lumps 
with water, and then add a few drops of sulphuric acid. 
Insert the delivery-tube, and the apparatus is now ready for 
use. The reaction is : — 

FeS + H2SO4 = FeS04 + H2S. 

Note the odor of the gas, and finally ignite it. Extinguish the 
flame, and allow the gas to bubble up through a solution of 
copper sulpliate, CUSO4, in a test-tube. Note the precipitate 
formed. Thus pass the gas through a solution of lead acetate, 

Pb(aH302)2. 

Hydrogen sulphide forms a series of salts, the sulphides. 
As in the case of hydrochloric acid, this acid is also much 
used in analytical work as a group reagent. In such work, 
it is prepared j^recisely as in tlie preceding experiment. 

96. Tests for Hydrogen Sulphide, Free or Combined. — 

1. The free gas may be detected by its odor and by its 
l)lackening a strip of paper moistened with lead acetate, 

2. A sulphide is tested thus : Pulvef ize the substance to 
1x3 tested, mix it witli sodium carbonate, Na2C03, on a bit 
of porcelain or platinum foil, and fuse it in the Bunsen 
flame. Place the fused mass on a clean silver coin and add 
a drop of water. If a sulphide be present, a black spot 
will appear on the silver. 

SULPHUR AND OXITGEN. 

97. We shall notice two oxides of sulphur : — 

Sulphur dioxide, SOo. 
Sulphur trioxide, S().{. 
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Both these oxides are important from a chemical point of 
view, since they are itispectively the anliytbides of sulphu- 
rous acid, H,SO,^ aud sulphuric acid, HjSOi- They unitti 
with water thus : — 

SO3 + H5O = HjSOa i and SOj + H,0 = Il^BO^. 
The trioxide is prepared by passing a mixed stream of sul- 
phur dioxide and oxygen over finely divided platiuum in 
a highly heated porcelain tube. The dioxide deserves a 
mure extended uotiee. 

SuLi'iiui: Dioxide, SOj. 

98. Preparation and Propertiw. — Exp. 72. Place a small 

quantity oi' powili?re<I yaluna, I'bS, in a hani glass tube open 

at butli endij, and lieat strongly in the Buiisen flattie. N^ote 

tile gas escaping from the tube. 

ExF. 73. Place some fine copper filings in a test-tube, and 
cover with strong sulphuric a«id. Heat gently, and note the 
-escaping gas. Hold a piece of moist wheat straw in the vapors. 
Also try the effect upon hits of unbleached silk or woollen yarn. 
What occurs ? The copper and acid react thus : — 
Cu -I- 2 HjSO, = CuSO, -1- 2 H,0 -I- 80^. 

Sulphui' dioxide occurs free in volcanic gases. It finds 
many useful applications in the arts,' and is manufactured 
in enormous quantities, For bleacliing purjioses it is pre- 
pared by h\irmng sulphur in the air. In sulphuric acid 
manufacture it is prepared in the same way, and also by 
roasting iron pyrites or some other sidphide. Of late this 
gas is used in manufacturing paper from wood by the sul- 
phite process. For this purpose, the gas is run into tanks 
of lime-water or calcium hydroxide solution. The liqiior 
thus prepared is used for reducing the elii2»ped wottd to 
jsiper pulp. 
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99. Test for Sulphur Dioxide. — Free sulphur dioxide may 
be recognized by its odor, which is well known, resembling 
that of burning matches. 
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100. There are eight acids in this series, as shown in the 



following list : — 












Hyposiilphurous acid .... H2SO2. 


Sulphurous acid . . 








H2SO3. 


Sulphuric acid . 










H2SO4. 


Thiosulphuric acid 










H2S2O3. 


Dithionic acid . . 


- 








1128205. 


Trithionic acid . 










1^28300. 


Tetrathionic acid . 










. 1128405. 


Pentathionic acid 










H285O6. 



Of these acids, but three are of importance to the beginner, 
— sulphurous, sulphuric, and thiosulphuric acids. The 
last has not been prepared, but its salts are used for some 
purposes, as in photography. Only the test for this acid 
will be given. 

By inspection it will be seen that in this series of acids 
each contains two atoms of hydrogen. One or both of 
these atoms is replaceable by a metal ; thus each of these 
acids may give rise to acid or normal salts. For example, 
we have acid or monosodium sulphate, NanS04, or sodium 
sulphate, Na2S04. 

When an acid has one replaceable hydrogen atom, it is 
called a monobasic acid ; when it has two, it is called diba- 
sic ; three, tribasic; and with four, it is tetrabasic. We 
have had examples of the first two; and illustrations of 
tlie others will appear further on. 
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SuiJ'HUwnis Arro, Il^SOa. 



Preparation and FropertneH — Exi'. 74. Pass sulphur 
dioxide giis (Exj). 73) mtu i test tube of cold water. Free 
sulphurous acid will bu obtuiied Write the equation. 

Exp. 75. Pass sulijUur dioiidf goa into a solution of potos- 
simii liydroside, KOH. Potassium sulphite will be formed: — 

2 KOII + S(.)3 = KaSOj + HjO. 
Save the acid and the salt for the tests in the next article. 

Botli the free acid and its salts are used to a limited 
extent in commerce. They both act as bleacliiiig reagents. 
On standing, tht^y absorb oxygen, passing into sulphuric 
cnmjjounds. When the sulphites are treated with acids, 
sulphur dioxide is liberated, thus : — 

K^SOa + 2 HCl = 2 KCl + 11,0 + fH\ 

102. Tests for SalphmonB Acid and the Sulphites. ^1. Free 

Sulphunui.s acid may be detected by its odor >\i burning 
matches. 

2. A sulphite is detected by adding hydi'ochloric acid to 
its Boliitiou. The solution remains clear aud gives off the 
odor of the free acid. 

3. A sidplute in solution yields a white ])recipitate, 
BaSOa, with barium chloride, BaClj. This jirucipitate is 
soluHe ill hydrochloric acid. If a poi-titm of the harinra 
precipitate is treated with nitric acid, (he iuscdidilc Uirium 
sulphate, BaSO,, is obtained. 

^H StiLi'iitntic AcAu. II^SO,. 

^ 103. Occurrence.^ Small iiuaiititiiisof free suljihuric acid 
occur ill some vnlcaiiic watcra. It^ cumpouiidw, the sul- 
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phates, occur plentifully in nature. Thus gypsum or land 
plaster, CaS04 + 2 H2O, occurs in vast deposits. 

It is safe to say that this is the most important acid 
known to chemistry and to commerce. Although the 
student has this acid on his table and has used it from 
the very beginning of his work, it will be well, in view 
of its great importance, to illustrate the method of its 
manufacture. 

104. Preparation and Properties. — Sulphuric acid is man- 
ufactured on the large scale by oxidizing sulphur dioxide 
in the presence of moisture tlius : — 

SO2 + -f H2O = H2SO4. 

Oxygen from the air is used in oxidizing the dioxide. 
But suljJiur dioxide cannot take up atmospheric oxygen 
directly. Tliere is a substance, however, that can unite 
directly with the oxygen of the air, and that is nitrogen 
dioxide, NO. The reaction in this case is 

NO + = NO2. 

Now sulphur dioxide can take the atom of oxygen just 
taken from the air by tlie nitrogen dioxide thus : — 

SO2 -f NO2 = SO3 + NO. 

It will be noticed that the NO2 has gone back to its origi- 
nal form, NO, and is again ready to take another atom of 
oxygen from the air, after which it will be able to oxidize 
another molecule of SOo, when the same changes will 
be repeated in the same order an indefinite number of 
times. 

But we had a molecule of SO3. This unites with a 
molecule of water thus : — 

H2O + SO3 = H2SO4. 
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And so we liave a molecule of sulpliuric acid, and the liis- 
tory of this one molecule is the lustory of all. 

Exp. 70. Fig. 25 shows an apparatus for making a small 
quantity of sulphuric aciil. B is a geuerator containing copper 
filings and sulphuric acid to generate the sulphur dioxide. D 
is a tube leading from a bellows to supply the necessary air, 
C is a flask containing water to furnish steam, A contains 
copper filings and nitric acid to furnish the nitrogen dioxide. 
E is an escape-pipe for wastu gases. is a globe used as a 




con dens ing-chaniber, A ulcar glass carboy or large bottle will 
answer as well. It is fjerhaps needless to say that all the 
gases are delivered into the globe simultaneously, and that 
farther directions for manipulation are unnecessary. 

In actual practice the manufacturer varies the details of 
the forepoing description but slightly. He generates tlie 
sulphur dioxide by roasting pyrites or by burning crude 
sulphur. The steam is geneiuted in a boiler, and lead-liiuyi 
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chambers are used for condensing purposes. Sometimes 
nitric acid is used in place of the nitrogen dioxide. This 
acid is generated from sodium nitrate and sulphuric acid, 
as previously explained. In this case what takes place 
may be represented by the following equation : — 

2 HNO3 -f 3 SO2 -f 2 H2O = 3 H2SO4 -f 2 NO. 

Of course it is impossible to tell precisely what the exact 
changes are, or in what order they occur, but as to the 
final results there can be no doubt. It will be noticed that 
nitrogen dioxide, NO, also appears when the nitric acid is 
used. 

The acid formed in the leaden chambers is weak, having 
a specific gravity of 1.55. It is concentrated in leaden 
pans until it reaches a specific gravity of 1.71, when it is 
withdrawn and further concentrated and purified in glass 
or platinum stills until its specific gravity is 1.84, when it 
is ready for the market. 

Exp. 77. Moisten a i)ine splinter with strong sulphuric acid. 
What occurs ? Thus try a lump of sugar and a grain of starch. 

Sulphuric acid chars vegetable substances. It abstracts 
water, or at least hydrogen and oxygen. This acid eagerly 
absorbs moisture, and thereby becomes dilute. When the 
union is taking place, much heat is evolved ; therefore it 
should be an unvarying rule when diluting sulphuric acid 
to add the acid to the water, and not the water to the 
acid. 

The uses of sulphuric acid in the manufactures are 
many and important. Thus it is used in bleaching fac- 
tories, in soda factories, in paper mills, and in manufac- 
turing artificial fertilizers and in many other important 
operations. 
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NORDHAUSUN Olt FUMlNG SULPHURIC Acil), Hj80„ SOj. 

105. Fuming sulpliuric acid is made by distilling ferrous 
sulphate containing but one molecule of water : — 

4 Fe804 + 11,0 = :i Fe^Oa + 2 SO, + HaSO„ SO^ 
This acid is used in dissolving indigo in the process of 
dyeing Saxony blue, and in making the coal-tar colora. It 
is converted by means of water into oi-diuai-y sulphuiic acid 
witli the evolution of much heat. 

106. Teats for Sulphuric Acid and the Bulphates. — 1. Free 

sulphuric acid or a suluhle sulphate in solution is tested 
by adding baiium chloride, BaClj, which tlirows down the 
white insoluble precipitate, barium sulphate, BaSO,. Atld 
hydrochloric acid to test the solubility of the precipitate. 

2. An insoluble Bulptiate is fused on charcoal with 
sodium carbonate, the fused mass placed on a silver coin 
and moistened : a black spot is obtained. Now fuse a 
fr^h portion of the substance with sodium <-arh«nate on 
porcelain, place on silver and moisten: no black spot is 
obtained if the substance is a sulphate. 

107. Tests for the Thiosulphates. — If not in solution, dis- 
solve the substance in water and add hydrocliloric acid : a 
white precipitate of sulphur is obtained, and sulphui' diox- 
ide set free if a thiosulphate be present. 

SULPHUR AETD CARBON. 

lOB. Carbon Disnlphide, CS^, is a well-known compound 
of sulphur aitdrarlmii. It is prepared bypassing va[)orized 
sulphur over chai'dinl heated to redness in a cylinder. 

This suljst*iU(jo is a limpid liquid in its piu'e form and 
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possesses a pleasant ethereal odor. But in an impure state 
it is colored and jjossesses a powerful, sickening odor. Its 
fumes are i>oisonous ; hence it is much used for destroying 
vermin and as an insecticide. In oi)tics it is used for fill- 
ing prisms, while in the arts it is used as a solvent for 
iiibber gum. Its use in the laboratory has already been 
exemplified. 

The odor of the disulphide will serve as a test, 

SELENIUM AND TELLURIUM. 

109. Selenium : Symbol, Se ; Atomic Weight, 79 ; Specific 
Gravity, 4.8. — Selenium is a rare element closely resem- 
bling sul^Jmr. Berzclius discovered it in 1817 in the resi- 
due collected from tlie sulphuric acid cham])ei*s at Gripsholm. 
In a finely divided state and viewed hy transmitted light, 
selenium has a reddish color. It exists in three modifica- 
tions : viz. amorjihous, vitreous, and crystalline selenium. 

110. Tellurium : Syml^ol, Te ; Atomic Weight, 128 ; Spe- 
cific Gravity, G.24. — Tellurium is a rare element. It is 
a brittle, bluish white solid, possessing a decided metallic 
lustre. In its cliemical compounds it resembles selenium 
and sulphur. The following table, given simply for in- 
spection, will reveal how closely related these three ele- 
ments are. 





Atomic 
Weight. 


Specific 
Gravity. 


Some Compounds. 


Sulphur .... 
Selenium .... 
Tellurium . . . 


82 

79 
128 


2.05 
4.30 
0.24 


Il,S 
lijSe 

ii.;ro 


SeOj 
TcO., 


SO3 

Se03 

Te()3 


HjSO^ 

H,SeO^ 

IljTeO^ 
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EXERCISES. 

{For Review or Advanced Course.) 

1. How much sulphur would be required to produce 82 pounds of 
sulphuric acid ? 

2. Test a piece of vulcanized rubber for sulphur by fusing with sodium 
carbonate, etc. 

3. Test a sample of drinking-water for a sulphate. 

4. Place some iron filings in a test-tube ; add dilute sulphuric acid, and 
heat gently. What gas is given off ? (Sug. Test with a match flame.) 
J5vaporate the contents of the tube to dryness in an evaporating- dish after 
the iron has dissolved, and test the residue for a sulphate. What sub- 
stances were obtained ? Write the equation. 

6. How can you distinguish between a sulphite and a thiosulphate ? 

6. What impurities would one expect to find in commercial sulphuric 
acid, when the material employed and the process of manufacture are 
taken into consideration ? 



CHAPTER VIIL 

SILICON, BORON, AND PHOSPHORUS, AND THEIR 

COMPOUNDS. 

Data for Computations. — Silicon : Symbol, Si ; Atomic Weight, 28 
Specific Gravity, 2.41). — Boron: Symbol, B; Atomic Weight, 11 
Si)ecific Gravity, 2.5. — Phosphorus: Symbol, P; Atomic Weight, 31 
Specific Gravity, 1.83. 

SILICON. 

111. Occturence, etc. — Silicon is a very abundant ele- 
ment, which, however, never occurs free. It forms from 
22.8 to 36.2 per cent of the eartli's crust. With oxygen it 
forms the abundant compound, silica, Si02. Silica is 
known to us in many different forms. Thus sand, sand- 
stone, quartz, quartzite, agate, opal, chalcedony, flint, chert, 
and hone-stone arc almost pure silica. They owe their dif- 
ferent appearances sometimes to traces of coloring-matter, 
and sometimes to their physical conditions only. Tripoli 
consists of the minute, siliceous shells of microscopic plants, 
the diatoms. Siliceous conglomerates are coarse pebbles 
that have been joined by deposited silica. The silicates, 
such as feldspar, mica, and certain clays, are also silicon 
compounds. 

Silicon is not used in the arts, and its preparation may 
be omitted. It has been obtained in three modifications, 
— amorphous, graphitoidal, and crystalline. 

Of its compounds there are many. Silica is the most 

abundant. The silicates are a series of compounds of very 

complex constitution not very well understood. Orthosilicic 
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acid, HiSiOi, has not been seijarated. Silicon unites with 
hyilrogen to fnnn the compound, SiH4, which somewhat 
resembles a gaseous compound formed by phosphorus and 
hydi-ogen, in that it is spontaneously inflammable, 

112. Tests for Silicon Compounds. — Natural forms of sil- 
ica, as quartz, etc., are readily recognizable by their phys- 
ical properties, 

2. Silicates in solution are tirst acidulated with hydro- 
chloric acid, and then carefully evaporated to dryness. 
The dry mass is then dissolved in hydrochloric acid. If 
a silicate was present, it will now be reduced to a white 
insoluble powder, SiO„ which is insoluble in acids, but 
soluble in potassium hydroxide, KOH. 

3. An insoluble silicate is tirst fused with sodium car- 
bonate on charcoal and then treated as in 2. 



113. Occurrence, etc.- — Boi'im is a quite plentiful element 
whicli occurs only in cnmpounda. Tlie princi]iiil bormi 
compoundsare boric acid, lIuBOa; boi-ax, NajB,0, flOH-O; 
and boracite, 2 Mg^BgO,j, MgCl,. 

Boric acitl occurs in the waters of certain lagoons in 
Tuscany. Close by are jets of volcanic steam wliicli are 
employed to evaporate the water, from which crystalline 
boric acid is deposited. The acid is purified by recrya- 
tallization. 

California has several Iteds of native borax. These heds 
are on the sitea of ancient lakes, long since dried up. 
Boric acid i.s obtained from this borax by treatment with 
hydrochloric acid, after which the boric aoid is obtained 
by crystallization. 
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114. Tests for Boric Acid and its Gomponnds. — 1. Free 
boric acid is detected in solutions by dipping in it a strip 
of turmeric paper. The strip, when dried, turns brown, 
and this color is not affected by dilute hydrochloric acid. 
Alkalies also affect the color of this paper, but hydrochlo- 
ric acid changes the color produced. 

2. A borate may be treated with hydrochloric acid, 
which frees boric acid. The next step is the same as in 1. 

3. A solid borate may be tested by the flame test thus : 
Make a bead of the substance on a loop of platinum wire 
and strongly ignite in the Bunsen flame. Now moisten the 
bead with sulphuric acid and ignite again. Finally moisten 
the bead with glycerine and heat strongly : a green flame 
is produced. 

PHOSPHORUS. 

115. Occurrence, etc. — Phosphorus is an element which 
occurs widely distributed, but never in the free state. It 
occurs in the older igneous rocks, from which all our fer- 
tile soils are derived. It forms with calcium the minerals 
phosphorite, Caa(P04)2, and apatite, 3 Ca3(P04)2 + CaFCl. 
With iron it forms vivianite, Fe3(P04)2 + 8 HgO. Sombre- 
rite, an impure form of calcium phosphate, furnishes a part 
of the phosphorus of commerce. But most of our phos- 
phorus is obtained from bones. Animals obtain phosphorus 
from plants, and plants get it from the soil. 

Phosphorus is prepared from bone-ash. The first step 
is to convert the ash into acid calcium phosphate, which is 
accomplished by using sulphuric acid : — 

Ca^(P04)2 + 2 H2SO4 = CaH4(r04)2 4-2 CaSO^. 

The solution of acid phosphate is evaporated to dryness 
and ignited, when calcium metaphosjAate is obtained : — 
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CaH4(PO,)3 = Ca(POj), + 2 TI,0. 
The metapliosphsite is now mixed with sand iind ehiircoal, 
and put in eartlien retorts thiit are placed in tier's in a 
furnace, and so arranged that their necks extend outside 
and dip under water {^Fig. 26). When heat is applied, 
pliosphorus is liberated, thus : — 

2 Ca(P03); + 2 SiO, + 10 C = 2 O.a.SiO^ + 1 n ('( ) + 4 P, 
The phosphorus thus oI> 
tained is melted under wa- 
ter, and strained tlirough 
chamois leather, to remove 
coarse impurities: it is 
furtlier purified by treat/ 
iiig it with sulphuric acid 
and [)otassium dichromate, 
when it is cast in sticks of 
the foj'm found in market. 

In adflition to the ordi- 
nary waxy form of phos- 
phorus found in the ordi- 
nary sticks of eonmierc-e, 
two other modifications are 
known. When common 
phosphorus is dissolved ni 
carbon diaidphide and the l"i.i. yn. 

solution is allowed to evap- 
orate slowly, octahedral crystals are obtained. Again, when 
ordinary or crystalline phosphonis is heated to 240° C. in 
the aliHonce of oxygen, red or amorphous pho.sphonis is 
obtained. 

Ph<JSpliorus is a highly inflaTumaljle substance, igniting 
at low teniperiitnres. In coniseiiuence of this pro]»Tty it 
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is used in large quantities as an ingredient of match-tips. 
The inflammable nature of phosphorus may be safely 
shown thus : — 

Exp. 78. Place in a test-tube a bit of phosphorus as large 
as a kernel of wheat. Dissolve in carbon disulphide, and pour 
the solution over a piece of filter-paper. Place the paper on a 
metallic support, and in a short time the disulphide will evap- 
orate, leaving the phosphorus in a finely divided state, and 
the paper will soon ignite spontaneously. 

Phosphorus is a substance that should be handled with 
care. It should always be taken up with a pair of pincers 
and should Ixi cut under water. Ui)on tlie flesh its burns 
produce deep and dangerous wounds, often penetrating to 
the bone. 

Tlie peculiar odor and the physical characteristics of 
phosphorus serve to identify it. 



PHOSPHORUS AND HTDROGEN. 

116. Phosphorus and hydrogen form three compounds 
which are respectively, gaseous, liquid, and solid sub- 
stances: PHs, PII2, and P2n(?). The first of these is 
often called phosphine^ and its preparation will be given. 
None of these compounds are of great importance to the 
beginner. 

Exp. 79. Place in a generating-flask (Fig. 27) a strong solu- 
tion of potassium hydroxide. Dro]) in a few small pieces of 
phosphorus ; and, lastly, add a small quantity of ether, for the 
purpose of exp(*lling the air from the apparatus. Insert the 
delivery-tub(i, h(*at gently, and allow the bubbles of phosphine 
to come up through the water. On striking the air, the gas 
will be found to be spontaneously inflammable, forming by its 
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combustiou rings of phosphorus pentoxide having a peculia 
vortex mrjtion. Tlie formatiou of the gas is as follows ; — 

^ 4 P + 3 KOH + 3 H,0 = 3 KHjl't), + PHa. 



^ FHOSPHORUB AND OXYGEN. 

117. There are two oxides of phosphorus: viz. PfOj and 
PgOj. The first is obtained when phosphorus is burned in 




a limited supply o! air, and the second wlien the air-sup- 
ply is not limiled. These oxides aiu the anhydrides of 
phosphorfiiis and ]ilioHphoric acids. 



THE FHOSPHOROnS OXACIDS. 

118. There are tlu'ee primary aeids in this series and two 
othera tliat are derived t'rani jihriajihorie acid: — 

Hypophospliorons a^id . , . HjPOc 



Phoaphoroua a 
Phoaphoi'ic aei 



id . 



II,PO,. 
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When phosphoric acid is heated, water is driven out ; and 
by emplojdng suitable temperatures two derived acids are 
to be had : — 

Metaphosphoric acid .... HPO3. 
Pyrophosphoric acid .... H4P2O7. 

The basicity of hypophosphorous and phosphorous acids 
merits notice. Hypophosphorous acid is monobasic, only 
giving up one of its hydrogen atoms. Its formula might, 
therefore, well be written, HHgPOg. Phosphorous acid is 
dibasic, and might be represented by the formula, H2HPO3. 
The potassium salts of these acids are, for example, 
KH2PO2 and K2HPO3. 

Phosphoric acid merits further notice. 

Exp. 80. Place a small quantity of red phosphorus in an 
evaporating-dish, and cover with reagent nitric acid. Warm 
gently, adding more nitric acid from time to time, until the 
phosphorus disappears and red fumes cease to come off. Now 
expel the excess of nitric acid by heating gently, when phos- 
phoric acid is obtained as a syrupy liquid. 

This is a tribasic acid which gives up one, two, or three 
of its hydrogen atoms. Its sodium salts serve as exam- 
ples: NaH2P04, NaaHPO^, Na3P04. 

119. Tests for Phosphoric Acid. — 1. To the solution to be 
tested add ammonia and ammonium chloride. A clear 
solution is obtained. Now add magnesium sulphate, 
MgS04, and a white crystalline precipitate, MgNH4P04, is 
obtained, usually after standing some time. 

2. Add silver nitrate to the solution to be tested. A 
light yellow precipitate is obtained, which is soluble in 
ammonia, nitric acid, and in acetic acid. 

Note. Make both tests before reporting phosphoric acid, and also be 
sure tliat no arsenic acid is present. 
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{For Reniew or Adva^ictd Course.) 

1. Test a sample of drinking- na.t«r for silicates tLus : Acidulate with 
liydnwliluric ucid utie IiAlf-litrc of tlic water to be tested. Now evapurote 
strictly In dryuesB. Agalii dissulTe the residue in hydrocbloria acid, and 
then ezamine the uuntenU of the dish used fur evaporating the water, fur 
the white powder, IJiO,. 

2. Collect Bome of the sediioent from the hed of a HmaJl s 
examioe with a miuroscope for tlie sheila of diatoms. 

3. Collect as many forms of silica as possible and deseribu each 

i. Wliy ore siliceoua pebbles mostly routided ft;id smooth? 

6. For what housobold purposes is borax used ? 

0. Bum a bit of boue and then dlBsolve the ash in hydrochloric acid. 
Now add ammonia, and nol« the precipitate of calcium phosjihate. 

7. Test the salts of several diSereut adds for their acids. DoeH this 
salt give the teat fur the acid from which the salt was derived ? 



CHAPTER IX. 

IKTRODUCTORY TO THE METALS. 

120. Properties of the Metals. — Formerly the elements 
were divided into two groups, — the Metals and the Non- 
metals. But it has become apparent that the distinction 
is not well founded. The elements form a series so closely 
graded in properties that it is difficult even to define a 
metal. But in general we may say that a metal is an 
element which possesses, when in a coherent condition, a 
peculiar lustre, termed a metallic lustre. Moreover, the 
oxides of the metals, excepting a very few of the higher 
ones, are not acid-forming. 

The specific gravities of the metals vary from that of 
osmium, 22.48, to that of lithium, 0.59. 

The specific heat of a metal is always less than unity. 
It has been found that when the specific heat of an ele- 
ment is multiplied by the atomic weight of that element a 
nearly constant quantity is obtained, viz. 6.4. This prod- 
uct is termed the atomic heat of an element. From an 
inspection of the results so obtained, Dulong and Petit 
announced the law : The specific heat of an element varies 
inversely as the atomic weight of that element. 

While the law is but approximately true, it has never- 
theless been utilized in determining the atomic weights of 
some of the rarer elements. In order to do this, the spe- 
cific heat of the element was first determined. Some of its 

compounds were then analyzed, and that atomic weight 
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was selected which would give a pr<iduct ol iibout G.4 
when multiplied by tlie specific heat. 

The melting-points of the metals vary widely. Thus 
mercury melts at —40° C, while the most intense heat 
ubtainahle lias not sufliced to melt osmium. 

Metals unite in definite and in indefinite pi-opoitions to 
form alloys. Thus brass consi-sts of zinc and copper in 
varying proportions. Pewter contains four parts tin and 
one part lead. Alloys are found extremely iiseful, since 
in tliem some particular requirement may be obtained 
which a single metal does not poasesa. 

An amalf/am is an alloy of a metal with mercury. 

121. Clasaifioation of the Hetals. — In the following pageH 
I he metals are classified accoriling te some requirements 
in analytical work. The method of claasitication may be 
made clear by suppouiug a solution containing a salt of 
&ach of the common metals. To this solution hydrocMoric 
acid, HCl, is to he added. With certain of these motals 
the acid forms insoluble chlorides. Tliese metallic chlo- 
rides are aceordiugly precipitated and may be removed 
from the solution containing the remaining metals by fd- 
ti-ation. The metals thus precipitated are called the 
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FiitsT Gkoiii" Metals. 

Lead I'b. 

Silver Ag. 

Mercury Hg(ouB). 



If through the acid filtiute from which tlie first group 
metals have l>een removed, sulphuretted hi/dro;/en, H^S, 
now be passed, we obtain as pi-ecipitates, insoluble in 
dilute acids, the sulphides of the 
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Second Group Metals. 

Arsenic As. 

Antimony Sb. 

Tin Sn. 

Bismuth Bi, 

Copper . . . ' Cu. 

Cadmium Cd. 

Mercury Hg(ic).' 

• 

These sulphides can now be filtered out, and by a little 
judicious treatment, to be explained further on, the filtrate 
is readily prepared for the sej^aration of the next group. 
The third group metals are precipitated as hydroxides and 
sulphides insoluble in the presence of an alkali by adding 
ammonia^ NH3, ammoniuyii chloride^ NII4CI, and ammonium 
sulphide^ (Nll4)2S. Following are 

The Third Group Metals. 

Iron Fe. 

Chromium Cr. 

Aluminum Al. 

Nickel Ni. 

Cobalt Co. 

Manganese Mn. 

Zinc Zn. 

These metals, now in an insoluble compound, may be 
removed from the solution by filtration, and the filtrate 
by appropriate treatment may be made ready for the 
separation of the next group. In the fourth group the 
metals are precipitated as carbonates insoluble in alkalies 
by adding ammonia^ Nil,, ammonium chloride^ NII4CI, and 
ammonium carhoiiate^ (N 114)2003. 
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The Fourth Gkoup Mktals. 

Barium Ka. 

Strontium Sr. 

Calcium Ca. 

Magnesimu Mg. 

NoTB. In practice, tlie magneBium Is renmved from tiie solution from 
wliicli tbe parbuDat^B of the itrst Uiree metaU of this group have been 
Hf-pikrated by addlnij disodinm phosplKile, NujHl'O,, I'his pnicipltates 
the magneHJum as a, double Halt, uiitgiit>Hitiiu aiiiuionium plioBphate, 
MgNU,FU,. Ma^eeluia cirbunati; la soluble eveu in alkalieH. 

If now the insoluble compounda of tlii3 foiirtli group be 
removed by flltnitioii, we have in the filtrate only the flftli 
group mettila, Tliese do not give precipitttteH with ordi- 
nary reagents. These are the 

KlFTH OltMUL' MeTAI.8. 

l'ot;ussium K, 

Rmlium Na,, 

iimi the radioal Aimiioniuui NH,. 

By following the plan just oullined, the metals are sep- 
arated into groups. Now each of these groups can be 
taken up, and the individual metals therein can be sepa- 
rated from one another, as will be explained in apjiropriate 
places. This process of sepai-ation and identification is 
termed Qiialitative Anali/nis. When the weights of the 
substances present in a compoujid are detemiiued, the 
I /DVOOess is t^rmod Quantitative Analj/sin. 

~~ (.now I'OLidy to study the metals in detail. 



CHAPTER X. 

THE FIRST GROUP METALS. 

Data for Computations. — Lead: Symbol, Pb'' ; Atomic Weight, 207; 
Specific Heat, 0.0315; Melting-point, 884o ; Specific Gravity, 11.37.— 
Silver : Symbol, Ag' ; Atomic Weight, 108 ; Specific Heat, 0.0670 ; 
Melting-point, 1000*^ ; Specific Gravity, 10.53. — Mercury : Symbol, 
Hg''"; Atomic Weight, 200; Specific Heat, 0.0319; Melting-point, 
-40°; Boiling-point, 357.25°; Specific Gravity, 13.55. 



LEAD. 

122. Occurrence and Preparation. — Metallic lead occurs 
only in insignificant quantities. Its principal ore is 
galena, PbS, which occurs in dark, shining cubes, and in 
other forms belonging to the regular system. Nearly 
every ore of lead is argentiferous, i.e. silver bearing. 

Exp. 81. Place a bit of galena 
(or a little of any compound con- 
taining lead) in a shallow cavity 
which has been prepared in a piece 
of charcoal (Fig. 28). Cover the 
substance with sodium carbonate, 
NagCOg, and moisten with a few 
drops of water. Now heat the sub- 
stance before the blow-pipe reducing 
flame. Bright metallic beads will be 
obtained. Test these beads thus : 
Place one on an anvil or on a piece of iron, and strike it 
lightly with a hammer. Is it malleable ? Brittle ? Cut one 
of the beads with a knife. Is it hard ? Note the lustre of 
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Fig. 28. 




the beails, auti ilriiw one a<iros3 a i>ifCH of white piipev. Doch 
it leave a streak ? 

Metallic leail is largely uHud in the aiis. It is prepared 
by heating galena in a limited supply of air. SometimeB a 
redutiing agent like eoal-duat is used in its reduotion. 



133. Fropertien and Compounds of Lead. — Lead in a sil- 
very white nu'tivl whioh woim fciniishes in the air. It is 
mucli mod for lead pii>e8. It is insoluble in pmu water, 
but natmitl watera are never puro. Hence lead pi[)eB 
should never be used for conveying water intended for 
drinking or for domestic purposes. Lead salts aet upon 
the system as a virulent, cumulative poison. 

Lead dissolves readily in nitric acid, forming the soluble 
salt, Pb(NOj),. This salt and the acetate, Ph^f.HsOj)^ 
when dissolved in water make giind solutions for hiljora- 
tory practice. 

Some of the compounds of lead are used in the arts. 
We notice the following: 

(^a) Lead Oxide or Maisirul, I'bO, is a yellow powder. 
XiitTiarge is au impure form of lead oxide. These are pre- 
pared by heating liaid in the air. Ijitliarge is used in mak- 
ing flint glass and in glazing earthenware. Red lead, or 
Ttiinium^ PbsO,, is used as a pigment. 

(A) White, lead is a mixture of the carbonate and hy- 
droxide of lead. This is the best white ]Kiint. and is jire- 
pared by the action of crude acetic acid on sheets of lead 
tliat are ]>la<;ed in earthen crocks and covered with ma- 
nure or sjietit tan bark. The decomposing mimui'e fur- 
nishes tile carbon dii)xide necessary to convert the aiiotate, 
first formed, into white lead. 
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((?) Lead Acetate^ Pb(C2n302)2, is much used in medi- 
cine. It is also used as a reagent in the laboratory. It 
may be obtained by the action of acetic acid on metallic 
lead. Lead acetate is used in dyeing, as shown in the 
following experiment : — 

Exp. 82. Moisten a strip of white cotton cloth in a solu- 
tion of lead acetate. Now moisten in potassium dichromate 
solution, KaCraOy. What color is the strip dyed ? 

((?) Lead Chloride^ PbCL,, is a precipitate met with in 
the course of analysis. It is a white crystalline substance, 
soluble in hot water. 

(g) Chrome Yellou\ PbCr04, is used as a pigment. It 
is obtained when potassium dichromate is added to a sol- 
uble lead salt. 

124. Tests for Lead. — 1. Metallic lead is recognized by 
its physical properties, or the metal is dissolved in nitric 
acid and tested as in 2. 

2. Lead in a solution of its salts is recognized by the 
color of its precipitates : — 

K2Cr2(J7 gives PbCr04, yellow. 
KI gives Pbig, yellow scales. 
H2S()4 gives PbS()4, white. 
HgS gives PbS, black. 

3. A solid may be tested before the blow-pipe. The 
beads obtained are then dissolved in nitric acid and tested 
by 2. 

SILVER. 

125. Occurrence and Preparation. — Native metallic silver 
occurs in considerable quantities along with native copper 
deposits. Most of the silver of commerce comes, however, 
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from the lead-furnaces. There are some oi-es of ailver 
such iib argeiitite, AgjS, and horn silver, AgCl. Silver 
also occurs in connection with other metals and combined 
with arsenic and sulphur. 

Exp. 83. Place a zinc strip in a test-tube containing a 
solution of silver nitrate. Note the dark deposit that soon 
collects on the zinc, and then remove it to a piece of charcoal, 
and heat it before the blow-pipe. Try the bead as you tried 
Complete this equation ■ — 

2AgK0g-l-Zn = 2Ag-f--.-. 

Exp. 84. Atld hydrochloric acid to a solution of silver 
nitrate. Collect the precipitate, AgCl, on charcoal, and heat 
in the blow-pipe flame. Do you obtain a silver bead? 

Silver is oljtained from the Icad-fumaces according to 
the following jn-ocess: The silver is present in the lead 
ores in very amall quantities. But the same process that 
reduces the lead also reduces the silver. Now the lead is 
allowed to cool in large tanks. During the cooling process 
pure crystals of lead separate out, and these are removed. 
By repeating this process, an alloy is obtained at laut tltat 
is rich in silver. 

This alloy is now heated in bone-ash vessels, called 
" cuirels," over wliidi a current of air is passing. In this 
way the lead is oxidized and absorbed by the cupels, leav- 
ing pure silver. This process is called mtpellation. 

Other processes of reducing silver, of leas importance 
t« the beginner, ai'e also employed to some extent. 

126. Properties and Componnds. — Silver has long been 

esteeini'd as luie of the pi-ei'ious metals. It is a blight 
metal tlmt doi'N not oxidize in the air at any temiK;ratnre ; 
hence it.-* iLse for jewelry and coinage. Some suVjstances 
like Bulpluu', chlorine, bromine, etc., cause silver tn ta.v\.\\*.V\. 
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Ex. Why do coins carried in the pockets with matches, blacken. Ex- 
plain the tarnishing of egg- spoons and mustard-spoons. Why should silver 
drinking-cups not be used at sulphur springs? Name the uses of silver. 

Silver dissolves rapidly in nitric acid, affording silver 
nitrate, AgNOs. This salt is much used as a reagent, and 
is the best one for working purposes in the laboratory. 

Some of the compounds of silver are : — 

(a) Silver Nitrate^ or Lunar Caustic^ AgNOs. This salt 
has just been mentioned. It is used in medicine and in 
photography. 

(h) Silver Chloride^ AgCl, is the precipitate obtained by 
adding the group reagent, HCl, to a solution of a silver 
salt. It is soluble in ammonia. 

((?) A silver-plating solution can be prepared thus : 
Precipitate silver nitrate with a solution of common salt, 
NaCl. Filter, and wash the precipitate quickly in pure 
water. Now dissolve the precipitate in an excess of potas- 
sium cyanide, KCN, when the solution is ready for use. 
These equations explain the steps involved : — 

AgNOg -f- NaCl = AgCl + NaNOg ; 
AgCl 4- 2 KCN = AgCN, KCN + KCl. 

127. Tests for Silver. — Metallic silver is recognized by 
its physical properties. But it may be dissolved in nitric 
acid, and identified as in 2. 

2. Silver in solutions of its salts may be recognized by 
the color of its precipitates as follows : — 

Hydrochloric acid, HCl, gives AgCl, white (sol. in ammonia). 
Potassium dichromate, KgCrgOj, gives AgCr04, red. 
Hydrogen sulphide, HgS, gives AggS, black. 
Potassium iodide, KI, gives Agl, light yellow. 

3. A solid may be reduced before the blow-pipe, and the 
bead dissolved in nitric acid, and tested as in 2. 
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128. Ooanrrence and Preparation, — Mercury occurs free 
in Kiimll tlro]js dkseiniii;iti-(! tlinm^rli its jji-mcijial ore, cin- 
iiiibar, HgS. The artifi(,4al aiilpliide is known as the pig- 
ment vermilion. 

Exp. 85. Place a bit of cinnabar in a hard glass tube open 
at both ends. Hold the tube somewhat slanting in the Bunaen 
flame, and heat strongly. Note the funiea escaping from the 
upper end of the tube. Also note the metallic mirror formed 
on the sides of the tube a aliort distance above the cinnabar. 
The reaction is ; — 

HgS + 0, = Hg + SO,. 

The preparation of mercury for commerce is a very sim- 
ple operation. The ore, cinnabar, is simply heated in a 
current of air. The sulphui' is oxidized to the dioxide, and 
mercury is set free in the fomi of vapors which are con- 
densed in suitable condensei's. 

129. PropertieB and ComponndB. — Mercury is a silver- 
white liquid which slowly passes into a vapor at all tem- 
peratures between its freezing-point and boiling-jioint. It 
is largely used in making philosophical instruments and in 
making amalgams. On the system, the vapors of mercury 
act as a [wison. This metal has been known since the high- 
est antiquity, and its compounds have been largely utilized. 
The most common compounds of mercury are : — 

(fi) Red Oxide of Mereiiry, HgO, is used in medicine. 
It is prepared by heating a mixtyre of mercury and mer- 
curic nitrate until red fumes cease to come off. When 
sodium or potassium hydroxide is added to a salt of mfii-- 
oury, the same oxide is obtained, hut the color is yellow in 
this 
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(6) MercurouB Chloride^ or Calomel^ HgCl, is used in 
medicine. It is prepared by subliming an intimate mixt- 
ure of mercuric chloride and mercury. It is also obtained 
as a group precipitate when hydrochloric acid is added to a 
soluble mercurous salt. This precipitate turns black when 
moistened with ammonia. It is soluble in nitro-hydro- 
chloric acid. 

(c) Mercuric Chloride^ or Corrosive Sublimate^ HgClg, is 
a deadly poison. It is used in the laboratory as a reagent. 
It is prepared by subliming a mixture of mercuric sulphate 
and common salt : — 

HgS04 -f- 2 NaCl = HgClg + Na^SO*. 

(d) Mercurous Nitrate^ HgNOg, is prepared by acting 
on an excess of metallic mercury with cold dilute nitric 
acid. If the acid be in excess, mercuric nitrate, Hg(N03)2, 
is formed. Mercurous nitrate is a good working com- 
pound for laboratory purposes. 

It will be noticed that mercury forms two compounds 
with hydrochloric acid, HgCl and HgClg; also two com- 
pounds with nitric acid are to be had, HgNOg and 
Hg(N03)2. These compounds are called respectively 
mercuroi^s and mercuric salts. If we were to examine 
all the compounds of mercury, we should find that with 
every acid two salts are formed. These would correspond 
to the mercurous and mercuric salts formed with hydro- 
chloric and nitric acids. Those compounds containing 
the least proportion of the acid constituent are called 
mexcvivous compounds, while those with the greater pro- 
portion of the acid are the mercun'c compounds. 

It will be noticed that in the mercurous salts mercury 
appears as a monad, while in the mercuric compounds 
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mercury is a diad. It was onstoniary to write all niei^ 
eurous compounds with an even number of atoms. Mer- 
curous salts only are precipitated in the first group. 

Besides mercuiy there are other metals which form two 
classes of compounds, ii'on, tin, and copper being the most 
prominent. 

130. Testa for Mercury. — 1. Metallic mercury is readily 
recognized by its physical proptrties. 

2. Mercury in solutions of mercuroua salts is detected by 
adding hydrochloric acid, whitih gives the vfliite precipi- 
tate, HgCL Tins precipitate turns hlark by the addition 
of ammonia. 

3. Mercury in Hohitions of morcurii' salts is tested by 
adding staimous chloride, SuCla. At iii*;t a wliite precipi- 
tate, Hg CI, is formed, which changes ti> gray, and finally 
to blaok. By wanning tliis precipitate and rubbing it with 
a glass rod, minute beads of metallic mercury may be 
obtained. It usually requires some time for these changes 
to take [ilaee ui this precipitate. The action of the tin 

t ia as follows : — 

-SnCl, -1- HgCl, = RnCl, -|- Hg. 
I If a clean copper wire lie introduced into a solution 
' ft mepcuroiiB or a inenniric salt, a coating of 
3. mercury is obtained on tlie wire. 

131. Separation and Identification of the First Group Hetals. 

amk'd from all othwti by acidijijj hydnitOduric ai'id to a 
Wolution containing salts of these metals. The cldorides, 
PhCls, AgOl, and Hg 01, are thus obtained as a precipitate. 
a insoluble (iWorides are now filtered out, and as they 
3 filter-paper, washed by [loiiring over them a !itt!e 
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cold water. This leaves them clean and still lying on the 
filter-paper. Now proceed by 1. 

1. Add much hot water to the chlorides. Lead chloride 
alone is dissolved, and the solution runs through the filter- 
paper, and is to be collected in a suitable dish, such as a 
small beaker-glass. Now test this solution by Art. 124, 2. 
In this way the lead is identified. Now proceed by 2. 

2. The chlorides of silver and mercury remain on the 
filter-paper. So add ammonia, and thus dissolve the silver 
chloride. Save the filtrate as before, and turn it back on 
the filter-paper once or twice to insure the complete solu- 
tion of the silver chloride. Now to the filtrate add nitric 
acid to an acid reaction with blue litmus paper. The sil- 
ver will be again precipitated as AgCl. In this connec- 
tion this precipitate is a sufficient guarantee of the presence 
of silver. But if the precipitate be plentiful, it may be 
collected on charcoal and reduced to a silver bead before 
the blow-pipe. Now proceed by 3. 

3. At the same time the silver chloride was dissolved in 
ammonia, the mercurous chloride was turned black by the 
action of the ammonia. No further identification of the 
mercury is necessary in this connection. If the student 
so desires, he may dissolve this black precipitate in nitro- 
hydrochloric acid and test it by adding SnCU, Art. 130, 3. 

General Note. Since lead chloride dissolves so easily, some lead 
always goes over into the second group. It is necessary that the solution 
be cold when the hydrochloric acid is added. 

EXERCISES. 

{For Review or Advanced Course.) 

1. Compute the atomic heat of lead, of silver, and of mercury. 

2. Arrange the formulae of all the acids previously studied in a vertical 
column at the left side of a sheet of paper. At the right of each acid wiite 
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the formula of the salt which that acid forms with lead. At the right of 
the lead salts write the formulae of the silver salts. Make two columns 
for mercury, and in the first write the mercurous salts, and in the second 
write the mercuric salts. Now name all the salts written. 

3. Write the equation for the solution of metallic lead in nitric acid, 
knowing that Pb(N03)2, NO, and HjO are the products of the reaction. 

4. Write the reactions for hydrochloric acid and the following salts : 
PbCNOa)^, AgNOj, and HgNOg. 

5. Try the effect of a strip of zinc on a solution of a salt of lead ; 
upon a salt of mercury. Write the reactions. 



CHAPTER XL 

T^ SECOND GROUP METALS. 

Data for Computations. — Arsenic : Symbol, As'"' ^ ; Atomic Weight, 
75 ; Specific Heat, 0.0822 ; Melting-point, 356° ; Specific Gravity, 5.73. 

— Antimony: Symbol, Sb'"' ^ ; Atomic Weight, 120; Specific Heat, 
0.0523; Melting-point, 425°; Specific Gravity, 6.71. — Tin: Symbol, 
Sn"^f"'; Atomic Weight, 118; Specific Heat, 0.0548; Melting-point, 
230^ ; Specific Gravity, 7.29. — Bismuth : Symbol, Bi'" ; Atomic Weight, 
210 ; Specific Heat, 0.0305 ; Melthig- point, 270" ; Specific Gravity, 9.80. 

— Copper : Symbol, Cu'' " ; Atomic Weight, 63 ; Specific Heat, 0.0952 ; 
Melting-point, 1090° ; Specific Gravity, 8.95. — Cadmium : Symbol, Cd"; 
Atomic Weight, 112; Specific Heat, 0.0567; Melting-point, 315°; 
Specific Gravity, 8.60. 

132. The second group metals yield sulphides insolu- 
ble in dilute acids. These sulphides are obtained from 
solutions after the removal of the first group metals, as 
previously explained. Since the sulphides of arsenic, anti- 
mony, and tin are soluble in yellow ammonium sulphide, 
(N 114)28, these metals may be regarded as forming a sub- 
group, and in analysis they are separated from bismuth, 
co})per, and cadmium by the addition of this reagent to 
the sulphides of the whole group. 

ARSENIC. 

133. Occurrence and Preparation. — Metallic arsenic oc- 
cult native in kidney-shaped masses of a laminated struc- 
ture. But most of our arsenic is prepared from the ores, 

orpiment, AsgSs, and mispickel, (FeS)2As. 
114 
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Exp. 86. Make a pellet of arsenic trioxide, A8,0„ with 
powdered oharcoal and a drop or two of water. Place the 
pellet ill the bottom of ii hard gpliias test-tube, and heat gently, 
to expol the moisture. Now drop into the tube a loosely fit- 
ting cork of chalk, and then heat the pellet strongly. Note 
the deposit of arsenic on the sides of the tube above the chiilk. 

Arsenic is prepared for commerce by heating its ores in 
earthen tubes. The vapors of arsenic are condensed in 
iron condensei'B. The arsenic thus obtained is pui-ified by 
sublitniug it with oharcoal. As thus prepared it forma 
rhombohcdral crystals possessing a bright metallic lustre. 

134. Properties and Compoiinds. — Arsenic is a bright 
solid whii'li oxiili/.es quite readily in warm, moist ah; 
forming a dark substance known as fly-powder. Under 
ordinary pressures, arsenic seems to vaporize without melt^ 
ing, at 356°. Under greater pressure it may be obtained 
in the liquid form. 

Both ai-senic and its soluble compouiidK act a:^ deadly 
poisons when taken into the system. It matters not 
whether the arsenic be taken internally or whether it be 
absorbed by the hmgs or through the pores of the skin in 
the form of dust or vapor, the action is the same. Wall- 
paper or carpets colored with arsenic compounds are almost 
certain to bring on the symptoms of ai-seiiic poisoning. 

Arsenic stands midway in its properties between the 
metals and the non-metals. In its chemical compounds it 
ia closely allied to phosphorus, while in its physical prop- 
erties it resembles antimony. 

The metal arsenic can be brought into solution by treat- 
ing it with nitro-hydrochloric acid or with chlorine water. 

lenic at'id is thus obtained : — 

2 As -h 5 CI, + » U.A) - -J H^\»(\ + 10 HCl. 
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Arsenic trioxide, AsgOg, is soluble in potassium or sodium 
hydroxide, thus : — 

AS2O3 -f 6 NaOH = 2 Na^AsOg -f 3 HgO + an excess of NaOH. 

The sodium arsenite thus fonned is soluble in water. 
Some of the compounds of arsenic follow : — 
(a) Arsenic Trioxide^ AS2O3, is a white substance usually 
sold in drug stores under the name " arsenic." It is used 
in medicine and in taxidermy. It is supposed to be the 
anhydride of Arsenious Acid^ H3ASO3, which has not been 
isolated. The arsenites are known. 

(6) Scheele^s Green or Copper Arsenite^ CuHAsOa, and 
SchwemfurtK 8 Green or Copper Aceto-arsenite^ (CuO As203)3, 
Cu(C2H302)2 are used as pigments, and both are sold under 
the name "Paris green." These substances as well as 
London purple, another somewhat similar compound of 
copper and arsenic, are extensively used as insecticides. 

(c) Arsenie Pentoxide^ AS2O5, may be considered to be 
the anhydride of Arsenic Acid^ H3ASO4. The pentoxide is 
to be had by treating arsenic with strong nitric acid. Arse- 
nic acid has already been mentioned. 

(d) Arsenious Sulphide^ AS2S3, is the precipitate obtained 
in the regular course of analysis. It is soluble in yellow 
ammonium sulphide. 

135. Tests for Arsenic. — 1. A solid substance containing 
arsenic, when heated on charcoal before the blow-pipe reduc- 
ing flame, yields vapors having an odor resembling garlic. 

2. When hydrogen sulphide is passed through a solu- 
tion containing arsenic, the yellow precipitate, AsjSs, is 
obtained. 

3. A solid or a solution is best tested for arsenic by the 
spot-test, thus : The substance supposed to contain arsenic 
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in placed in an evaporating-diah, and a crystal of potassiiim 
chlorate and lij'droehlorit; acid are added. Heat is now 
applied, when the arsenic, if any l)e present, is oxidized to 
arsenic acid. The boiling is continued until the excess of 
chlorine is driven off. 

In a geneiutiiig-flask place some arsenic-free zinc, and 
water. Add sulphuric acid, and if hydrogen gaa is not 
freely given off, add a crystal of pure copper sulphate, 
which will cause a copious evolution of liydi-ogen. As 
soon as the apparatus is free from air, add the solution to 
be tested as now prepared in the evaporating-disli. Imme- 
diately insert a jet delivery-tube and ignite tlie stream of 
escaping gas, AsHj, and direct the flame against a cold 
porcelain suiface. If arsenic be present, a steel-gray spot 
or mirror will be ol)tained on the porcelain. Make sev- 
eral spots, and make sure that they ai'e arsenic, tlius : — 

(a) Test one of the sjHits with yellow ammonium sul- 
phide ; it turns yellow. 

(6) Teat another witli a (b'op of hydi-oehloric acid ; it 
doex not dissolve. 

(c) Add to another a drop of a solution made by adding 
potassium hydi'oxide to chlorine wat«r ; it dissolves. 

(d) Treat another with hot nitric acid; it dissolves 
clear. Add to this solution a drop of silver nitrate; no 
change in color occurs. Now plai;o the tip of a blow-pipe 
at the month of an uncorked ammonia bottle and force a 
stream of ammonia gas against the same solution ; it turns 
brick-reil or yellow. You are now certain that arsenic in 
some form is present. 

4. An arsenate can be distinguisheil from an arsenite, 
thus: To the solution to In* tested add niar^ocsinra sul- 
phate, MgSO,. A pi'ccipitalc may be cither an arsenate or 
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an arsenite. Now add ammonia and ammonium chloride. 
If the precipitate dissolves, it is an arsenite ; if it does not 
dissolve, it is an arsenate. 

Note. Be sure that phosphates are absent before applying this test. 

ANTIMONY. 

136. Occurrence and Preparation. — Metallic antimony 
occurs in small scaly masses, which also contain as impuri- 
ties, iron, silver, etc. But the chief source of antimony is 
the ore, stibnite, Sb2S3. 

Exp. 87. Make a pellet of any antimony compound with 
sodium carbonate, and moisten with a drop of water. Place 
the pellet on charcoal, and heat before the reducing blow-pipe 
flame. A bright bead is obtained. Test this bead as in the 
case of lead. 

Antimony is prepared for commerce by heating stibnite 
in vessels with perforated bottoms. The sulphide melts and 
riins through pure. It is next heated with metallic iron, 
which unites with the sulphur and sets the antimony free. 

137. Properties and Gompoiinds. — Antimony is a bluish 
white metal, so brittle that it may be ground to a dust. 
It is used principally in making alloys, to which it imparts 
hardness and the property of expanding when cooling. 
Large quantities of antimony are used in making type 
metal. Antimony is also used in some pharmaceutical 
preparations. 

With acids antimony forms salts, in which it acts like a 
trivalent metal as in antimony trichloride, SbCls. The 
group, SbO, forms basic salts, in which it acts as a monad. 
The salts thus formed are called antimonyl salts. Anti- 
monyl sulphate, (SbO)2S04, will serve as an example. 
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Antimony also acts like aa acid-fomiing element. An- 
timonic auid, iljSljO,, ia the printdpal antimony acid. This 
acid closely i-esemblos phosphoric and areenic acidB, 

Hot nitro-hyflrochloiic acid diHsolves metallic antimony, 
yielding antimony trichloride, ShClj. When dissolved in 
water acidulated with hydrochloric acid, this chloride 
makes a good working solution for laboratory practice. 

Some of the antimony compoundu follow: — 

(a) The oxides, SbjOa, SbjO,, and SbjO,, give rise to a 
series of acids sinular to those of ]ilioaphorua. 

(ft) Tartar Emetic, OjH,KSbO;, is used in medicine. It 
ia prepared by dissolviug antimony trioxide in potassium 
tartrate, KHC^H^Ofl. 

(*;) Antimony Trisulpkide, SbjSs, is tlie orange-colored 
precipitate obtained in the course of analysis. It is solu- 
ble in yellow ammonium siilpbide. 

138. Testa for Autimouy. — 1. Any antimony compound 
when heated on charcoal with sodium carbonate yields a 
briglil, brittle bead of metallic antimony. 

2, Any solution of an antimony salt gives with hydro- 
gen sulpliiile an orange-colored preoipitiite, Sb^S,. 

3. Antimony compounds may be placed in a generating- 
Qaak with zinc and sulphuric acid, and the escaping gas, 
SbHa, may be ignited as soon as the apparatus is free from 
air and the flame directed against a cold ptircolain surface. 
Black or velvety brown spots of antimony are obtained. 
These sjMjts may be distinguished from arsenic thus : — 

(a) An antimony spot with yellow ammonium sulphide . 
turns oraiu/e. 

(b) With hot nitric acid it turns while. 

(fl) With a drop of a solution of ^lotassium hyilrnxide 
in cldorine water it is hmilubh. 
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((i) The white spot foi:ined in (6), when treated with sil- 
ver nitrate and ammonia vapor, gives no color ; but when 
a drop of ammonia solution is added, it turns black. 

TIN. 

139. Occurrence and Preparation. — But small quantities 
of tin occur native. Commercial tin is obtained from the 
ore, tin stone or cassiterite, SnOg. This ore occui-s in 
veins in the older schistose and crystalline rocks. It is 
also found in nodules in the beds of rivers flowing 
through these regions. As thus found it is popularly 
called " stream tin." The oldest tin mines are in Corn- 
wall, England, but it is now mined in Australia, Bolivia, 
Peru, and in the Black Hills in South Dakota. 

Exp. 88. Make a paste of a tin compound with solid potas- 
sium cyanide and a drop of water. Heat this paste on char- 
coal in the reducing flame. Small beads of tin are obtained 
with great difficulty. If the oxidizing flame be used, a coating 
of stannic oxide will be formed around the assay, which is pale 
yellow while hot and white when cold. 

In the commercial preparation of tin, the tin stone is 
first crushed fine and then washed to remove some of the 
impurities. It is then further purified by roasting it in 
revolving inclined cylinders through which a blast of air 
is passing. In this way volatile substances, such as arsenic 
and sulphur, are driven off while other impurities are oxi- 
dized. The ore is now washed again and thus obtained 
quite pure. The pure ore is now mixed with anthracite 
coal and reduced in a blast-furnace. The tin thus obtained 
is now drawn off and purified by liquation ; ix, it is grad- 
ually melted in a reverberatory furnace. Since the pure 
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tin is more fusible than its alloyw, it melts first, and is drawn 
oS Mid stirred witli poles of green wood; a dross sepa- 
rates, tiuis leaving the tin in a state of great purity. 

140. Properties and Compounda of Tin. — Tin is a white, 
malleable metal, Uie lustre of which is quite permanent 
in the air at ordinary temperatures. It is extensively used 
as tin foil and for coating thin sheets of iron to form tin 
plate. When alloyed with lead, solder is formed. 

Tin as a base forms two series of salts, the stannous and 
the stannic compounda. It also forms acids of small 
importance. 

Tin reacts with hydrochloric acid to form stannous chlo- 
ride, SnCU. With nitro-bydrochlorie acid containing an 
excess of hydrochloric acid, staunie chloride, SnCl,, is ob- 
tained. Solutions of these salts are useful for laRoratory 
practice. 

Some of the compounds of tin follow; — 

(a) Stannic Acid, IlaSnOs, is obtained when calcium 
carbonate is treated with an excess of stannic cliloride. 
Sodium Stannate, NajSnOa, is largely used as a preparing 
salt in calico-printing. 

(6} Stannous Sulphide, SnS, is a brown sulistance, while 
Stannic Sulphide, SnSi, is a yellow one. These precipitates 
are produced in the regular couree of analysis when the 
solution contains the corresponding salts of tin. They are 
soluble ill yellow ammonium sulphide. 

141. Tests for Tin. — 1. Metallic tin is recognized by its 
lustre and by the emission of a crackling sound when bent 
or bitten. 

'2. Any solid cont-iining tin. or metallic tin itself, when 
heated on charcoal in the oxidiKiny Hame, gives a eoatiug 
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around the assay which is pale yellow while hot and white 
when cold. 

3. A solid may be tested by dissolving in hydrochloric 
acid and then adding a solution of mercuric chloride. At 
first a white precipitate, Hg2Cl2, is obtained. This soon 
turns black, metallic mercury being set free. See Art. 
130, 3. 

BISMUTH. 

142. Occurrence and Preparation. — Bismuth usually oc- 
curs native, but it is always contaminated with a small 
percentage of other metals. Its chief ores are bismuth 
ochre, Bi203, and bismuthite, BigSg. 

Exp. 89. Make a pellet of any bismuth compound with 
sodium oarbonate and a drop of water. Heat this pellet on 
charcoal in the reducing flame, and test the bead obtained, as 
usual. Then heat tlie bead in the oxidizing flame, and note 
the coating, BiaOg, which is formed around the assay. 

Bismuth can be partially obtained by heating its ores ; 
but the extraction is made complete by first roasting the 
ore, after which it is fused with iron slag and charcoal. 
The crude bismuth thus obtained is purified by fusing it 
at the lowest possible temperature on an inclined plane ; 
the molten metal runs slowly down the plane, while the 
impurities remain behind. 

143. Properties and Compounds of Bismuth. — Bismuth is a 
hard, brittle metal of a grayish white color, with a distinct 
tinge of red. It oxidizes slowly in the atmosphere. It is 
not employed in a pure state, but is chiefly used in making 
alloys and in making pharmaceutical preparations. Bis- 
muth alloys expand while cooling. The fusible metals 
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used in stereotyping and in electrotyping ;iru alloys of bis- 
muth with lead, tin, and cadmium. 

Bismuth forms two series of salts similar to antimony. 
In one class liismuth acts aa a triad; in the other, BiO 
appears, acting as a monad. The salts of the latter are 
called biamuthyl salts. BifNOs)^ and BiONOg are exam- 
ples. 

Nitric acid is a good solvent for bismuth when a work- 
ing compound is desired. But the solution in water must 
be acid, as water changes bismuth nitrate into bismuthyl 
nitrate, an insoluble compound. 

Some compounds of liisrauth follow: — 

(a) Of the Bismuth Oxides, BijOj is the princijial one. 
It is used as a pigment. 

(6) Binmuth Nitrate, Bi(NO,)„+ SII^O, is obtained by 
the action of tlie metal on nitric acid. Bitmuthyl Nitrate, 
BiONOalljO, is the so-called Subnitrate of Bismuth of the 
pLarmacopfpia. It is obtained by adding water to the 
nitrate. It is used in medicine aa a remedy for cholei'a 
and dysentery. It is also used as a cosmetic under various 
names, as Blanc d'Espagne and Blanc de Fard. It is 
further used in glazing porcelain, to which it imparts an 
iridescent surface, 

(e) Bismuth Trisulphide, BipSa, is the black precipitate 
obtained in analysis. It is soluble in hot nitric acid. 

144. Tests for Bismath. — 1. Any bismuth compound when 

heated with sodiuin carbonate on charcoal gives a metallic 
bead. If the bead be heated in the oxidizing flame, a 
coating is obtained around the assay of bismuth trioxide, 
Bi,Oa. This coating is orange-yellow wliile hot. lemon- 
yellow when cold, and the edges of the coating are bluish 
white. 
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2. An unknown solution may be tested as follows : — 
(a) Add water to the solution. A white precipitate of 

a bismuthyl salt is obtained, provided the solution be not 

too acid. 

(6) Ammonia gives a white precipitate, Bi(0H)3. 

(c) KgCroO; gives a yellow precipitate, (BiO)2Cr207 
which is insoluble in KOH — a distinction from lead. 

(d) H^S gives a black precipitate, BigSg, soluble in hot 
nitric acid. 

COPPER. 

145. Occurrence and Preparation. — Copper occurs native 
in large quantities. The most plentiful deposits are found 
in Upper Michigan, wliere it is found in sheets or veins 
intersecting red sandstone and trap rocks ; but the largest 
deposits are found as granular masses mixed through a 
rocky matrix. Masses of pure copper weighing tons have 
been found. 

The argentiferous ores of the Rocky Mountains also 
furnish a large amount of copper. Many other localities 
afford copper, both free and combined. 

The commercial preparation of copper is a simple pro- 
cess when applied to the native copper deposits. The pure 
copper is simply freed from all impurities by smelting. 

Exp. 90. Place a bright steel nail in a solution of copper 
sulphate, CUSO4. Note the coating of copper. 

The reduction of copper from its solutions has many 
familiar illustrations. The plates of gravity-batteries soon 
become covered with a deposit of metallic copper. In elec- 
tro typing, copper is deposited upon a wax mould of the 
type ; and many metals, when placed in a copper solution, 
receive a coating of copper. 
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146. Properties and Compounds of Copper. — Copper is a 

ttnigh, niLillniilili; iiu-liil M)iL<'li nonn tiiniialiea in moist air 
containing carliiiu didxidt;. It ia a good conductor of elec- 
tricity, and enormous quantities of copper are used in mak- 
ing wire for electrical purposes. Sheet cop{)er is largely 
used in making household utensils and in sheathing ships 
for ocean navigation. 

Copjier was used by prehistoric man for jnaking all 
kinds of weapons and uten.sils which his rude ingenuity 
could devise. 

Theiti are two series of copper salts and no copper acids.* 
Copper sulphate affords a good working solution in the 
lalmratoiy, Cop[«;r sulphate, or blue vitriol, aa it is often 
called, is the principal compound of copper to be found in 
the market. Tlie formula of the crystals ia 
CuS04 + flHjO. 

Teats for Copper. —1. A. solid is to be dissolved in 

f^itl and the Kfilutinn tested by 2. 

2, A solution n( cnjipei' is tested by adding ammonia. 
When tlie amount of the ammonia is short of an excess, a 
white precipitat* is formed; but as soon aa an excess of 
ammonia is added, the precipitate dissolves, and a splendid 
blue solution is formed. 

3, HjS gives a black precipitate, which may lie ibssolved 
—ia. nitric acid and tested by 2. 

P CADMIUM. 

148. Occurrence and Preparation. — Cadmium is a some- 
what rjH'c nictal occuMiiit^ iissuciated with zinc. In the 
zinc fnnun'cs cadniiuni in oxidi/.ed to CdO. a vapor which 
is conden-sed and afterwanl I'edni'cd by heating in closed 
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tubes with charcoal. The uses of the free metal are very 
limited. 

Cadmium is a tin-white metal which slowly oxidizes in 
the air, which imparts to the metal a yellowish cast. 
When strongly heated in the air, it burns, forming the 
oxide, CdO. 

Cadmium iodide, Cdl2, is used in photography. The 
sulphide, CdS, is obtained in analysis. 

149. Tests for Cadmium. — 1. A solid containing cadmium 
when heated on charcoal in the oxidizing flame yields 
brownish yellow fumes of CdO. The coating around the 
assay is of the same color. 

2. A solution containing cadmium gives the yellow pre- 
cipitate, CdS, with H2S. 

150. Separation and Identification of the Second Group Met- 
als. — After removing the lirst grouj) metals with hydro- 
chloric acid, hydrogen sulphide, HyS, is passed for a long 
time through the acid filtrate. If any or all of the second 
group metals are present in the filtrate, they are precipi- 
tated as sulphides. First these sulphides are filtered out, 
and then they must be washed with much water, as they 
lie on the filter-paper. Then make a hole in the point of 
the paper, and by means of a stream of water from a blow- 
bottle, wash the precii)itate through into an evaporating- 
dish. Now add yellow ammonium sulphide and digest for 
some time. The sulphides of arsenic, antimony, and tin 
will dissolve, while the sulphides of bismuth, copper, and 
cadmium are unaltered. Filter the contents of the evapo- 
rating-dish. Treat the filtrate by I. ; treat the residue on 
the filter-paper by II. 



ARSENIC, ANTIMONY, ASD TIN. 

To the filtrate add hydiochloriu acid. The sulphides of 
arsenic, antimony, and tiu are re-precipitated. Filter ajid 
wash the precipitate, and then wash it through into an 
evaporating-diah. Add coricentrated hydrochloric acid and 
hoil as long as the udor of hydrogen sulphide can be 
detected. The sulphide of arsenic remains undissolved, 
while those of tin and antimony are disHnlved. Filter the 
contents of the evaporating-tlish, and test the residue on 
the filtei^i>aper for arsenic by Art. 135, 1 and 3. 

To the filtrate add a few pieces of metallic zinc. Anti- 
mony and tin are both reduced to tlie metallic state. Pour 
off the solution, and wash the two metals in water by decan- 
tation. Add hydrochloric acid to the metals. Only the 
tin is dissolved. Filter, and test the filtrate for tin by Art. 
141, 3. 

Metallic antimony remains on the filter-paper. Test by 
Art. 138, 1. Also dissolve in hot nitro-hydrochloric iicid, 
and t«8t by Art. 138, 2. 

II. 

BISMUTH, COPPER, ANH CADMIUM. 

Add hot nitric acid to the sulphides of these metftls aa 
they are lying on the filter-paper, llie sulphides all dis- 
solve ; • save the solution as it runs tlii-ough. and evaporate 

1 If a black nrRiilue remniiiB nfU^T treating with nltriii ariil. It in 
probably miTCury Ih the mercuric cHinditioii. Tlierefor^ dtesdive this 
black resitlue in riitro-hydrocliloric acid, expel the eictsa of acii!, and add 
SnCl,. See Art. VKt, .1. 
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it to dryness to expel the excess of acid. Dissolve the 
residue in water and then add an excess of ammonia.^ 

1. The bismuth is precipitated as bismuth hydroxide, 
Bi(0H)3; copper and cadmium remain in solution. Fil- 
ter out the Bi(0H)3, and save the filtrate to test by 2; dis- 
solve the Bi(0H)3 in a little hydrochloric acid and expel 
any excess of acid ; a little water will now give a white 
precipitate of bismuthyl chloride, BiOCl. This is sufiB- 
cient to identify the bismuth. 

2. When ammonia was added, if copper salts were pres- 
ent, the solution turned blue. No further identification of 
copper is necessary. In order to determine if cadmium be 
present, add to the blue solution a solution of potassium 
cyanide, KCN, until the blue color is destroyed. Now 
pass hydrogen sulphide through the solution. If cadmium 
be present, it will be precipitated as the yellow sulphide, 
CdS. Test this sulphide by Art. 149, 1. 

GOLD AND PLATINUM. 

151. Gold. — Gold always occurs native. It is widely 
distributed in the older sedimentary and igneous rocks. 
Rivers running through these rocks wash down fine parti- 
cles of gold and sand. From these sands the miner sepa- 
rates the gold by washing in shallow pans or cradles. 
Lumps or nuggets of gold have been found, of great value, 
especially in California and in Australia. 

• 

^ If lead was found in the first group, it will almost be sure to ap- 
pear in the solution containing bismuth, copper, and cadmium. There- 
fore in such a case, before adding ammonia, try a small portion of the 
solution with sulphuric acid. If a precipitate appears, add the acid to the 
whole solution, and thus precipitate the lead as PbSO^. Filter out th^ 
precipitate, and then to the filtrate add an excess of ammonia, etc. 
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On the Pacific coast of the United States man has inii- 
bated nature by directing powerful streams of water against 
the sides of hills from which some of the rivers olitaiii their 
supply of gold-ilust. The detritus washed d()wn is con- 
veyed tlirough sluices, in the bottom of which are placed 
pockets containing mercury to catch the gold as it comes 
along. The gold is separated from the meroury by iieat. 

Gohl occurs also in quartz rock. In such cases the mck 
is crushed to dust, and the gold is recovered by amalga^ 
mation. 

Gold has been known and prized as a precious metftl 
frt>ni the earliest times. It is usually necessary to alloy 
the gitld witli a harder metal before it is made into coins 
and jewelry. Silver and copper are employed to give the 
requisite amount of hardniiss to gold employed for these 
purposes. 

152. Platmnm. - — Platinum is a silver-white metal of 
great use to the chemist, wlio uses it in the form of wire, 
foil, crucibles, and evaporating-diahes. 

Platinum is infusible at temperatures usually employed 
in the laboratory, but it can be fused in the oxyhydi-ogen 
flame. It does not tai-nish in the air, and is insoluble iu all 
acids except nitro-hydrochloric aeid. It is also insoluble 
in the alkalies. 

Platinum, like gold, always occurs native. It is obtained 
free from other metals of a kindred nature which always 
accompany it, in the wet way. The platinum-bearing 
compounds are dissolved iu aqua I'egia, when platinum 
and the accompanying metals are changed into chlorides. 
Ammonium chloride is next added to the solution, when 
the platinum is precipitated as a double chloride of plati- 
num and ammonium, (NIIj),PtCln. This precipitate, when 
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heated, yields spongy platinum. Finally, the platinum is 
brought into a coherent condition by heating it in lime 
crucibles in the oxyhydrogen flame. 

EXERCISES. 

{For Review or Advanced Course.) 

1. Compute the atomic heat for each of the second group metals. 

2. Write a list of the salts formed by tin, copper, bismuth, and 
cadmium. 

3. Determine by experiment if each of the second group metals is 
reduced from a solution of its salts by metallic zinc. 

4. Write the reaction for each of the following metals with nitric acid : 
copper, bismuth, and cadmium. 

6. Select some soluble salt for each of the second group metals, and 
then write the reaction between the salt selected and hydrogen sulphide. 



CHAPTER XII. 

THE THIKD GHODP MKTALS, 

FData for CoMPDTATioNa. — Iron : Sjmbol, Fe", Fe,^ ; Atoraio Weight,.-] 
ai ; Spetdfic Heat, 0.1140 ; Meiting-poiiit, a white hBat ; Spwifio Gray- ' 
ILy, 7.8tl. — CimoMiind; Sjmbol, Cr'"; Atomic Weiglit, 63; I 
Ileat, 0.001)75 ; Melllng-puiut, higher tliun the tempemtun! of the oxy- 1 
hydrogen Hame; Specific GraTity, 0.60. — Aldhinuh; Symbol, Al"'ji 
Atomic Weight, 27; Speuiflu Heat, 0.2140; Meltiug-pohit, 700°; Spe^S 
oific Gravity, 2.00. — Nickel: Symbol, Ni" j Al.>raic Weight, 
Specific Heat, 0.1080; MulU:ig-point, nearly a white heat; BpecifiBd 
Gravity, 8.1>0, — Cobalt : Symbol, Co"; Atomie Weight, 6ft; SpBcififl-J 
Heat, 0.111074 ; Melting-point, a white heat ; Specific Gravity, 8.5 h 
8.7. — Mancankbi!: Symbol, Mn"; AWmiu Weight, 55 ; Speisiflo Heat, 1 
0.1217; Meiting-poiut, a white heat; Specific Gravity, 8.03. — Ziuctr 
Symbol, Zn"; Atomic Weight, 95; Specific Heat, 0.0956; Meltings I 
point, 423" ; Specific Gravity, 7.15. 

153. The Third Gronp Hetab are precipitated from the | 

I Slti-Hte obtained when the seeoiid group metals are filtered J 

rout. This filtrate, as previoualy mentioued, needs a little'l 

preliminary treatment before the reagents ai-e applied., I 

1 must always be present in the ferric condition. The j 

mydrogen sulphide employed to thi-ow down the second'l 

eioup metals has reduced any iron compounds to the fer' I 

1 condition. Moreover, it has reduced chromium, iff 

resent as an acid, to chromium as a liase, which leaves the j 

•omium in a proi)er condition for the application of the- ] 

rtceasai-y reagents. In defemnee to any iron tliat may be 1 

resent it is necessary ta boil the flltmte until all hydra 

fen sulphide be removed, after which nitric acid is added, 
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and the solution is boiled again for a short time. The 
nitric acid added oxidizes iron, if present, to the ferric 
state, and the solution is now ready for the application of 
the needed reagents. 

Accordingly ammonia and ammonium chloride are imme- 
diately added, and thus are iron, chromium, and aluminum 
precipitated as the hydroxides, FegCOH)^, Cr2(0H)e, and 
Al2(OH)6. These precipitates are now removed by filtra- 
tion and to the filtrate, ammonium sulphide, (NH4)2S, is 
added. Thus are obtained as precipitates the sulphides, 
NiS, CoS, MnS, and ZnS. This completes the precipita- 
tion of the third group metals. 

IRON. 

154. Occurrence and Preparation. — Metallic iron occurs 
only in insignificant quantities. Meteorites usually con- 
tain metallic iron together with other metals. But the 
compounds of iron are distributed almost everywhere. 
The color of vegetation is due to iron compounds, and 
nearly every soil contains some form of combined iron. 
Its ores are widely distributed, but the localities are some- 
what restricted in extent. Iron pyrites, FeS2, or fool's 
gold, is a well-known mineral on account of its yellow 
lustre resembling gold. 

Of the ores employed in the United States for preparing 
commercial iron, the most important is haematite, Fe203. 
This ore assumes a variety of forms. The amorphous form 
resembles iron rust, while the micaceous ore occurs in glit- 
tering scales. Bog ore, FcaOa + Fe2(OII)6, also called 
brown haematite, is the ore chiefly employed in Ger- 
many and France. Argillaceous ore, or clay iron-stone, is 
employed in England. Magnetite or lodestone, Fe804, is 



intc resting on account of ita constituting the natural 
miigiiet, 

Tile reduction of iron from ita ores is one of the most 
important industries of tlie age, and the fui' 
niiR'hiueiy required are exi>enaive. The 
form of the modern hlast-furnaee is 
shown in Fig. 29. It is fram fifty to 
ninety feet higli, and from foui-teen to 
twenty feet J)road in its widest part. It 
is constructed of masonry, lined with 
fire-brick, and enclosed down to the 
l)oint A in riveted iron boiler-plates. 
Before the fnrnace goes into hlaat, the 
masonry does not extend below A, but 
the stack is supjiorted on strong iron 
pillars resting on a solid foundation. 
These pillars are not shown in tlie cut. 
The hearth, H, consiste of fire-clay, and 
it is here that the molten iron collects. There are two 
openings in this hearth : the lower one for drawing off the 
cast iron, and the upper one for removing the glassy slag 
obtained during tlie reduction of the ore. The top of the 
stack D is funnel-shaped, and ia closed by an inverted 
cone, E, which can be raised or lowered while chaining the 
fnrnace. 

When the furnace is about to go into blast, the spaces H 
and B are filled with cord-wood, after which the whole [xir- 
tion, below A is enclosed by masonry. A number of blow- 
pipes, or " tuyeres," are built into the masonry. Tltrough 
these, powerful blasts of air are maintained when the fur- 
nace is ill operation. 

In staiting the furnace, the wood is first ignited and the 
blast is turned on. Then stone-coal is introduced at the 
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top of the stack. When the stack has become thoroughly 
heated, finely crushed ore, stone-coal, and limestone are 
regularly added at the top of the stack. Barring accidents, 
a furnace runs night and .day, shutting down but once or 
twice a year to repair the stack. 

The chemical changes which occur in the stack are not 
well understood, but the products obtained are cast iron, a 
glassy slag, carbon dioxide, carbon monoxide, hydrogen, cy- 
anogen, graphite, and perhaps certain hydrocarbons. These 
gases, some of which are inflammable, are not wasted, but 
are led through the pipe G to boilers which furnish steam 
to the engines that run the machinery employed. 

The iron obtained from the blast-furnace is not pure 
iron. It is called cast iron^ and contains carbon, silicon, 
traces of arsenic, sulphur, and phosphorus, and small quan- 
tities of various metals. 

From this cast iron, wrought iron is obtained by the 
processes termed " refining " and " puddling." In these 
operations the imjjurities are burned out and the metal is 

hammered into coherence, after which it is 
rolled into bars and sent to market. 

Steel is now obtained by the Bessemer 
process from cast iron. The molten cast 
iron is run into an egg-sliaped vessel, called 
a "converter " (Fig. 30), and a blast of air 
is driven up through the molten metal. 
■p^^ ^Q The impurities are thus burned out, leaving 

nearly pure iron. Steel stands about mid- 
way in its content of carbon and silicon between cast and 
wrought iron. In order to furnish the proper amounts 
of these two substances, a pure variety of cast iron, called 
" Si)iegel iron," is now added to the pure iron, thus con- 
verting the whole into steel. 
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155. Properties and Compoanda of Iron. — Iron is a nearly 

silver-wliiti! miitiil that rusts quickly when exposed to 
(iiimp ail', thus 4-eceiviiig a coating of fei'rie oxide and fer- 
ric hydroxide. It is a tenacious metal which possesses the 
profierty of softening before it melts, tlius allowing dif- 
ferent pieces to be welded. 

The uses of iron are so many and so important that this 
age has been well tinned the iron affe. 

Iron forms two series of salts, — the ferrous and the 
ferric. These salts are exemphfied by the two chlorides, 
ferrous chloride, FeCI^, and feriic chloride, FeClg. It will 
be noticed that in the ferrous compounds iron is bivalent, 
while in the ferric state the atoms are trivalcnt. As in 
the mercurous compounds the ferric salts were written 
with an even number of atoms. 

Iron dissolves in almost any of the adds, anil any of the 
salts make good working solutions. Some of the more 
important compounds follow: — 

(a) Ferric Hydroxide^ Fe(01I)g, is ohtaineil by adding 
ammonia to almost any ferric salt. It is the preeipitatu 
obtained in analysis. 

(S) Ferric Chloride, FeClg, is (ihtaiiifd when iron wire 
is dissolved in hydrochloric inud, after which tlie solution 
is thoroughly saturated with chhirine gas. It is used in 
medicine, and in the laboratory it is an important reagent. 

((■) Ferrous Sulphate, FeSO, + 7 H,0, is often called 
copperas and green vitriol. It may be obtained by dis- 
solving iron or fernms sulphide in sulphuric acid. The 
commercial article is often prepared by roiisting iron py- 
rites at a moderate heat. It is used as a disinfectant, as a 
reagent, and in jn-eparing fuming sulphuric acid. It is 
also used in dyeing. 

(d) Ferruuv Sulphide, FeS, is made by stirring «.wUwti 
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sulphur with a white-hot wroughtriron rod. It is used in 
the laboratory as a source of liydi'ogen sulphide. 

(e) Potassium Ferrocyanide^ K4Fe(CN)6, is obtained by 
heating scrap iron in closed iron retorts with potash and 
animal matter, such as hoofs, horns, etc. 

This compound serves as the starting-point in the man- 
ufacture of all of the cyanogen compounds. It is used 
in the manufacture of Prussian blue, Fe7(CN)i8. This 
pigment is obtained when ferric chloride is added to po- 
tassium ferrocyanide. In the laboratory, potassium ferro- 
cyanide is used as a reagent for the detection of iron. The 
ferricyanide is obtained by oxidizing the ferrocyanide with 
chlorine. Its formula is K3Fe(CN)6. 

156. Tests for Iron. — 1. Solids are first brought into 
solution by using water as a solvent. If water will not 
dissolve the solid, an acid is used. The solution is then 
tested by 2. 

2. For testing a solution for iron, the reagents potas- 
sium sulphocyanide, KCNS, potassium ferrocyanide, 
K4Fe(CN)6, and potassium ferricyanide, K3Fe(CN)6, are 
used. Ferrous and ferric salts act differently, as shown 
by the following table : — 



Reagent. 


Ferric Salt. 


Ferrous Salt. 


KCNS 

K,Fe((^N)e 
K3Fe(CN)o 


Red sol. Fe2(CNH)o 

Deep blue prec. Fe4f Fe(CN)o]3 

No prec. Reddish brown sol. 


No change. 

Pale blue prec. K,Fe, Fe(CN)« 

Deep blue prec. Fe3[Fe(0N)J, 



3. Ferrocyanic, ferricyanic, and sulphocyanic acids may 
be detected b}^ employing as reagents ferric chloride, Fe Clg, 
and ferrous sulphate, FeS04, by means of the table giveA 
in. 2. 
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157. OMurrence and Preparation. — - Chromium is a rare 

metal uot euipIoyeLl in tlie art-s. Ita i;liief ores are crocoi- 
site, or chi-ome yellow, I'ltCrOj, and chrome iroii-stoiie, 
CrjOj^FeO). Small quantities of the metal are obtained 
by mixing its oxide with sugar, after which the mixture is 
strongly tieated iit lime crucibles. 

158. Properties and Compounds. — ClirtHniiim imparts a 
superior hardiicsa to steel. Its compounds are numerous 
and important. It acta as a base, and is also an acid-fonn- 
ing element. Potassium biclu'omate and clirome' alum 
answer well foe working purposes in the laboratory. 
These compounds and a few others are noticed. 

(a) Ghromio Oxide, CraOa, is obtained by fusing potas- 
sium biclu-omate witli sulphui- or with ammonium chloiide, 
after whieli the fused mass is treated with water. It is 
used in eoloriug glass and enamel green. This oxide may 
Ire regarded as the anhydiide of the hypothetical chromie 
acid, IljCrOi. Chromic hydroside, Cr (OH)g, is obtained 
when ammoiua is added to a solution contaiuing chromium 
as a ba»e. 

(6) Guignefs Green, or chrome green, Cr!0(0II)4, is 
used as a pigment. It is obtained by fusing potassium 
bichromate and crystallized bono acid mixed in propor- 
tions corresponding to their molecular weights. 

(c) Chrome Alum, or potassium chromium sulphate, 
K,Cri(SOi), + 24 HiO, is used in dyeing, tanning, and in 
calioo-printing. It is obtained as a by-pioduct in the man- 

koture of alizarine. 

jtf) Potmeium Bichromate, K,(lr,0„ is obtained from 
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chrome iron ore. The ore is first roasted to oxidize it, and 
then it is fused with lime and potassium carbonate ; then 
the fused mass is leached with as little water as possible, 
and the filtrate is treated with sulphuric acid. This salt 
is extensively used in batteries, in dyeing, in preparing the 
pigment, chrome yellow, PbCr04, and other compounds, 
and as a reagent. 

159. Tests for Ghromium. — 1. A solid is fused on char- 
coal with potassium nitrate and sodium carbonate in order 
to oxidize any chromium present to a chromate. Now dis- 
solve the yellow mass obtained in water, and add acetic 
acid to an acid reaction. Finally, add lead acetate, when a 
yellow precipitate, PbCr04, will be obtained. 

2. A chromate or a bichromate in solution gives with — 
Hydrogen sulphide, HgS, a green solution ; 
Lead acetate, Pb(C2H302)29 a yellow precipitate, PbCr04; 
Silver nitrate, AgNOs, a brownish red precipitate, 
AgCrO^. 

ALUMINUM. 

160. Occurrence and Preparation. — Although metallic 
aluminum never occurs free, in compounds it occurs in 
enormous quantities. It ranks next to oxygen and silicon 
in its abundance. It is the basis of clayey soils, and it 
occurs as feldspar, K2Al2Si60i6, in many different kinds of 
rocks. Kaolin, or porcelain clay and china clay, is simply 
weathered feldspar. 

Aluminum trioxide, AI2O3, is well known as corundum or 
emery. Crystallized forms of this substance are known as 
the jewels sapphire, ruby, oriental emerald, oriental topaz, 
and oriental amethyst. Other gems also have aluminum 
as a base: thus, turquoise is a phosphate of aluminum 
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colored with copper ; topiiz tmii b<!ryl are silicates of 
aluiiiinnm. 

Aluminum can only he reduced from its ores hy expen- 
sive processes. Of lute the metal lias been prepared by 
reducing the trioxide mixed with carbon in lime crucibles 
by means of electricity. 

I 161. Properties and Compounds. — Aluminum is a, white, 
malleable metal that does not taruish under ordinary cir- 
cumstancea. Its physical properties fit it for many uses 
that the great cost of its production alone forbids. It is 
chiefly employed at present in making philosophical instru- 
meutrt. Aluminum bronze is now being much used for 
making ornamental household fixtures. 

Any one of the alums affords a good working solution. 

iveral comi^unds that have not Ijeen noted follow : — 

(a) Aluminum Sydroxide, Al (OH)a, is obtained when 
ammonia is added to any soluble alumiuum salt. It is tlie 
precipitate obtained in analysis. 

(fi) Aluminum Sulphate, Alj(S04)3, is obtained by act- 
ing on roasted kaolin witli sulphuiic acid. This is used 
in immense quantities as a mordant and for weighting 
paper. 

(«) The alums are an interesting class of compounds. 
The formula foi' potassium alum will serve as a type for 
all the others, K.AUCSO,-). ! 24 11^0. In pW^e'of the 
potassium, other metals may be substituted ; thus we have 
silver alum, ammonium alum, chromium alum, etc. 

Cd) Sodium Aluminate is prepared by fusing bauxite, 

iFejOgH,. with sodium sulphate and carbon. It is used 
.mordant in dyeing and in calico-printing, for prepar- 
colored lakes and for sizing paper. 
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1S2. Tests for AlnmiiLiim. — 1 . A solution is tested by 2, 

A siilid is ]irst imwil (in (?.li!ir<:()al witli sodium carbonate, 
tlie fused mass ia dissolved in hydi'ochloiic acid, and the 
solution tested by 2. 

2. A solution is tested as followa : — 

(«) An excess of amninriia and ammonium chloride 
gives a white, gelatinous precipitate, Al (OH)g. 

(6) A solution of sodium carbonate gives the sanif 
precipitate. 

(^r) Disodium phosphate gives a white precipitate, 
AlPO^, soluble in potassium hydroxide, insoluble in 
aeetic acid. 



163. Occnrroiice and Preparation. — Nickel never occurs 
free. Its ores occur in connection with the cobalt ores. 
Tlie most important ore is knpfer-nickel, NiAs. Metallic 
nickel is obtained mostly in the wet way. The ore is first 
roasted, and then dissolved in hydrochloric acid. This 
-solution usually contains the chlorides of other metals as 
well as nickel chloride. These foreign metals are precipi- 
tated by the addition of proper reagents, leaving the nickel 
in solution, from wliich it is precipitated hy adding sodium 
hydroxide. Tlie nickel hydroxide, Ni((lH)j,thu8 obtained 
is reduced by the action of charcoal at high temperatures. 

164. Properties and Componnda of Nickel. — Nickel is a 

white, hard metiil, susceptible of a liigh jnilish and Rcancely 
tarnishing in the air. It is accordingly used for coinage 
and for nickel-plating other metals, especially iron, Ger- 
man silver ia an alloy of copper, 5 parts; nickel, 2 parts; 
and zinc, 2 parts. Nickel resembles iron in that it can be 
welded and can be attracted by the magnet. 
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Nickel is soluble in dilute nitric acid, yielding nickel 
itmte, Ni^NOa)!, whicli affordu a good working solution. 
The chloride and sulpliate ai'e also to be had by using the 
proper acids. The salta of nickel are used but little. The 
sulphide, NiS, is the black pi'ecipitate obtained in analysis. 
■It is soluble in nitro-hydi-ochloric acid- 
Tests for Nickel. — ^ A solid supposed to contain nickel 
brought into solution by means of nitro-hydrochloric acid, 
watar will not dissolve it. and tested thus : — 
(rt) Ammonia, when added to a solution short of an 
excess, produces an apnle-green piecipitate, Ni(OH)j. An 
excess of ammonia gives a bine solution. To this blue 
solution add potaasium hydroxide, when the apple-greeu 
>l^di-oxide again appears. 

(J) Potassium hydroxide added directly to a nickel 
■ution gives the same apple-green precipitate. 
2. Any nickel compound in a bomx bead in tlie osidiz- 
ig flame coloi-s the beiul brownish red while hot, yellow 
■hen cold. In the re<iucing flame the l)ead becomes gnty, 
metallic nicktl !)euig reduced. Cobalt interferes with this 
test. 






166. Occurrence and Preparation. — Coljalt does not occur 
neither is the metitl used in tlie avts. Speiss co- 
balt, Co(Ni,Fe)Asi, Skutteruditc, CoAs^and cobalt glance, 
CoFeAs^i, are the more Important ores. 

Metallic cobalt is obtainetl aa a gray metallic powder by 

heating the oxide or cliloi-ide in an atmiwphere of hydrogen. 

The cnm|)ounds of cobalt are used in the art*, and they 

ire prepared directly from a cobalt ore, usually speiss 
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167. Properties and Compounds. — Cobalt resembles iron 
in color and in being attracted by the magnet. The com- 
pounds of cobalt are useful as furnishing valuable pig- 
ments. Some compounds follow : — 

(a) Oobalt Oxide^ CoO, is an article of commerce. It is 
used in coloring glass blue and in preparing the cobalt 
pigments. It may be dissolved in acids, forming salts of 
the acids used. This oxide is prepared from speiss cobalt. 
The ore is first roasted, then dissolved in hydrochloric 
acid, and then the accompanying metals are precipitated 
by adding successively chlorine, limestone, and hydrogen 
sulphide. The oxide is now precipitated by the addition 
of bleaching-powder. 

' (6) Cobaltous Chloride^ C0CI2, is used as a sympathetic 
ink. Its action depends on the fact that when moist tTie 
salt is a light pink, but when dry it is violet. Thus the 
writing becomes visible when the paper is warmed. 

({?) Cobaltous Nitrate^ Co(N03)2, is used in the labora- 
tory as a reagent. It can be made by dissolving the metal 
or the carbonate of the metal in nitric acid. 

(c?) Cobaltous Sulphide^ CoS, is the precipitate obtained 
in analysis. It is soluble in nitro-hydrochloric acid. 

(e) Smalt is a silicate of cobalt used as a pigment. 

168. Tests for Cobalt. — 1. Any cobalt compound colors 
the borax bead blue. If an excess of cobalt be present, 
the bead may be almost l)lack. When powdered, the dust 
from this bead is blue in all cases. 



MANGANESE. 

169. Occurrence and Preparation. — Manganese never oc- 
curs free nor is it used in the arts. Its cliief ore is pyro- 
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lusite, MnOj. It is obtaine«i in the metallic state by 
fusing one of its oxides mixed with charcoal at a whit© 
heat in a closed crucible lined with graphite. 

170. PropertieB and Compounds. — Manganese is a re<l- 
dish white metal, oxidizing so readily that it is necessary 
to preserve it under naphtha or coal oil. Some of the man- 
ganese compounds follow : — 

(a) Manf/anege Dioxiiie, MnOj, is the most important of 
the oxides of manganese. It is used with hydrochloric 
acid in lai^e quantities for generating chlorine gas in the 
manufacture of bleaching-powder. Its use in the laboi'Ur 
tor}' has already been exemplified. 

(fi) Potassium Permanganate, KMnO^, is used in the 
laboratory, and an impure form of sodium permanganate ia 
used as a disinfecting fluid under the name of Condy'a 
Disinfecting Liquid, Theae salts may be regarded as 
originating from the acid, IIMnOj, or pennanganic aci(L 
Manganic acid, HjMnOi, has not been isolated, but the 
manganates are known. 

(c) Manganese Sulphide, MnS, is the fleah-colored pre- 
cijiitate obtained in analysis. It is soluble in cold dilute 
hydrochloric acid. 

171. Teats for Hanganese. — 1. Manganese compounds in 
I oxidizing flame give the Ixirax Iwad a violet color 

while hot, amethyst-red when cold. In the reducing flame 
the l)ead becomes colorless. 

2. A solid may be fused on platinum or on porcelain 
with sodium carbonate and potassium nitrate to a bright 
green mass, a manganate. Dissolve this ma.'is in nitric 
Kiid, and a permiuiganate is obtained in a red solution. 
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ZINC. 

172. Occurrence and Preparation. — Zinc does not occur 
ftee in significant quantities. Smithsonite, ZnCOg, is one 
of the principal ores. Franklinite, (Zn,Fe)0 + Fe203 ; zinc 
blende, ZnS ; Willemite, Zn2Si04, and a reddish oxide owing 
its color to an oxide of manganese, are the principal ores 
employed in the United States. 

The ores are first roasted and then ground fine ; then 
they are mixed with half their weight of coal-dust. Now 
the mixture is placed in clay retorts and heated until the 
zinc issues in the form of a vapor, which is condensed 
in iron condensers. Commercial zinc as thus prepared is 
seldom pure, as it contains small quantities of other 
metals. 

173. Properties and Compounds. — Zinc is a malleable, 
ductile, bluish-white metal which finds many uses. Sheet 
zinc and galvanized iron, which is sheet iron coated with 
zinc, are familiar to all. Zinc alloyed with copper forms 
the useful alloy, brass. For batteries and in the laboratory, 
zinc is used extensively. 

Zinc dissolves in most of the acids to form salts that are 
applicable for working purposes. When taken internally 
the salts of zinc are poisonous. 

(a) Zinc Chloride^ ZnCl2, is obtained when the metal is 
dissolved in hvdrochloric acid. This salt is used as a caus- 
tic in surgery ; and in organic chemistry it is used for 
removing the elements of water from many substances. 
It is used in weighting cotton goods, and in tin-shops as 
a soldering-fluid. 

(ft) Zinc White^ ZnO, is used as a paint. 
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(c) Zina Sulphate, or white viti-iol, ZuSO, + 7 H^O, is 
used in medicine and in dyeing. 

(</) Zinc Sulphide, ZnS, is the white preeipitate ob- 
tained in analysis. 

174. Testa for Zinc. ^1. Solids, when heated on charcoal 
in the oxidizing flame, give a coating aronnd the assay, 
yellow while hot, and white when cold. If now the mass 
and tlie coating l>e moistened with eohaltous nitrate and 
heated again, the pigment, Rinnman'a green, is obtained. 

2, A solution gives a white precijiitate, ZnS, when am- 
monia and ammonium sulphide are added. 



BEPARA.TIOIT OF THE THIRD GROnP METAI.B. 



175. Precipitate the iron, chromium, and atumimira aa 
:plained in Art. 153. Filter out the precipitate obtained, 
wash with water, and tlien proceed by I. 

Precipitate the remaining met^ils of this group by add- 
ing ammonium sulphide. Warm the solution until the 
sulphides settle, tlien filter, wash the precipitate, and 
proceed by II. 

I. 
H IRON, CHROMIUM, AND ALUMIKOM. 

g^ 1. Fierce the point of tlie filter-paper and wash the pre- 
cipitate through into an evaporating-dish. Take a small 
portion of this precipitate and dissolve it in nitrio acid 
with heat. Divide the solution thus obtained in two paiis 
and test directly for iron. Potassium aulphocyaiiide gives 
a red solution ; potassium ferrocyanide gives a deep blue 
preeipitite. (See Art. 156.) The presence of chromium 
tnd ahimiiiiini will not interfere ivith the test.s for iron. 



146 SEPARATION OF THE THIRD GROUP METALS. 

If iron be found, test a portion of the original solution to 
determine whether the iron in it is in the ferrous or ferric 
condition. 

2. For chromium, take a second portion of the hydrox- 
ides in the evaporating-dish, fuse it on charcoal with 
sodium carbonate, etc., as in Art. 159, 1. 

3. To the remainder of the precipitate in the evapora- 
ting-dish add potassium hydroxide and boil. The alumi- 
num will dissolve. Filter, and barely acidify the filtrate 
with hydrochloric acid; and then add ammonia in excess. 
A white precipitate, Al2(0H)e, identifies aluminum. 



II. 

NICKEL, COBALT, MANGANESE, AND ZINC. 

1. Wash the sulphides of these metals through into a 
test-tube and add cold, dilute hydrochloric acid; shake 
frequently. The sulphides of nickel and cobalt do not 
dissolve, but manganese and zinc are brought into solution. 
Filter, and treat any residue for nickel and cobalt by 3. 
Treat the filtrate for manganese and zinc by 2. 

2. Boil this filtrate to expel hydrogen sulphide, then add 
a decided excess of potassium hydroxide. Allow the tube 
to stand, and shake frequently. Any manganese will be 
precipitated as Mn(0H)2. Filter, and test the precipitate 
by Art. 171. Test the filtrate for zinc by acidifying with 
acetic acid and adding ammonium sulphide. Any zinc 
will give the white precipitate, ZnS. Farther test this 
precipitate by Art. 174, 1. 

3. This residue contains some sulphur obtained from the 
sulphides that dissolved. Test a portion of the residue by 
the borax bead. A blue bead identifies cobalt. 
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If botli nickel and cobalt ai-e present, it is somewhat dif- 
ficult to obtaiu the tests for nickel, hut it may be acconi- 
l)lished thus : dissulve the remainder of theii- sulphides in 
iiitro-hydrochloiic acid, and add to the solution an excess 
of iMtassium hydroxide. A precipitate may be C"o(C)H)j 
aud Ni(OH);. Filter out this precipitate and dissolve it 
in acetic acid.. To this solution add potassium nitrite, 
KNOj. Allow the tube to stand twenty-four hours. Any 
precipitate will he potassium cobaltic nitrite ; this leaves 
the nickel in solution. PiBcipitate it by adding potassium 
hydroxide, and thus obtain the apple-green hydroxide, 
Ni(OH)a. 

EXERCISES. 

{For JJeiJieio or JiiuiniL-eil C'uurw.) 

1. CompuUi the al^iniic; lit^t fur each uf the third group nietali. 

'i. Deteriumc by trial if any of the Uiird gruup metals can be reduced 

tnini compounds to the metallic atatc by meaDH of the blow-pii(c, charcoal, 

iuid Hodlum carljonnte. 

3. Write the equations for the Reparation of the third groap metals. 

4. Obtain a bit of alum fnim the drug store, and teat it for aluminum. 

5. UjbhdIvu a bit of iron in hydrochloric acid. Writv tlie reaction. Uu 
you obtain ferrous oi ferric chloride ? Test by Art. I5tl. 



CHAPTER XIII. 

THE FOURTH GROUP METALS. 

Data for Computations. — Barium: Symbol, Ba ' ; Atomic Weight, 
137 ; Specific Heat, ; Melting-point, liigher than cast iron ; Speci- 
fic Gravity, 3.75. — Strontium: Symbol, Sr"; Atomic Weight, 87.2; 

Melting-point, a red heat; Specific Heat, ; Specific Gravity, 2.64. 

— Calcium : Symbol, Ca"; Atomic Weight, 40; Specific Heat, 0.1804; 
Melting-point, a red heat; Specific Gravity, 1.57. — Magnesium : Sym- 
bol, Mg'' ; Atomic Weight, 24 ; Specific Heat, 0.2450 ; Melting-point, 
750°; Specific Gravity, 1.74. 

176. The fourth group metals, often called the " Metals 
of the Alkaline Earths," are obtained from the filtrate 
from which the third group has been removed, as explained 
in Art. 153. This filtrate needs preliminary treatment. 
It is loaded down with reagents after passing through the 
operations required in the preceding groups. It is best, 
therefore, to evaporate it strictly to dryness, and even to 
ignite the residue gently in order to expel these reagents 
as far as possible. Then dissolve the residue in water, 
when it will be ready for the fourth group reagents. 

Barium, strontium, and calcium are precipitated as the 
carbonates, BaCOs, SrCOg, and CaCOs, by the addition of 
ammonia, ammonium chloride, and ammonium carbonate. 
These metals are then filtered out, and magnesium is ob- 
tained directly from a portion of the filtrate by adding 
disodium phosphate, which gives the double phosphate, 
MgNH4P04. 

It is evident that the remaining portion of the filtrate 
148 
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contiiing, iKsiile the magneBiuin that may be present, the 
lifth group inetals. Now since niagiieHium does not inter- 
fei-e with tlie flame-tests for these metals, tills jJortion of 
the filtrate is I'etained for work in the fifth group. 



177. Oecurrence and Preparation. — Biirium occiira only 
ill c-otniMiinniiM, the ohief of which are heavy apar, BaSO(, 
and Witherite, liiiCOj. 

• This metnl is not used in the arts. It is prepared by 
electrolyziiig a thick paste of baiiuin chloride iiiid hydi-o- 
cliloiic acid in the presence of mercury. The barium 
amalgam tlms obtained ia heated to expel the mercury, 
thus yielding a porous mass of metallic barium. 

178. FropertieB and Compounds. — Barium burns in the 
air with great brilliancy. It fonna some useful com- 
l)ounds. 

(a) Barium Oxide, BaO, or baryta, ia obtained by heat- 
ing the nitrate until nitrous fumes cease to escape. Fi'om 
this oxide baiium hydroxide, Ba(OH)i, is prepai-ed by the 
addition of water. Barium hydroxide is largely used in 
refining cane-sngar. Baryta water is tlie solution of this 
substance in water, which is used as a reagent. 

(6) Barium Chloride, BaCl^ is used in the laboratory as 
a reagent. It ia prepared by dissolving barium cai'bonate 
in hydrochloric acid. 

(c) Barium Sulphate, BaS04, is prepared for commerce 
by the reaction between barium chloride and sulphuric 
acid. It is used as a pigment and for weighting paper. 

(*/) Barium Carbonate, BaCO,, is the pi'ecipitatu ob- 
tained in analysis. It is soluble in acetifc acid. 
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179. Tests for Barium. — 1. Insoluble solids are fused on 
charcoal with sodium carbonate and then dissolved in 
hydrochloric acid. The solution is tested by 2 and 3. 

2. Solutions of barium salts are tested by the addition 
of reagents as follows : — 

(a) Potassium dichromate and ammonia give the yellow 
precipitate, BaCr04, insoluble in acetic acid. 

(6) Sulphuric acid gives the white insoluble precipitate, 
BaSO^. 

3. Barium salts tinge the Bunsen flame green when they 
are heated on a loop of platinum wire. 

STRONTIUM. 

180. Occurrence and Preparation. — Strontium occurs 
most plentifully in the minerals, celestine, SrS04, and 
strontianite, SrCOs. Tlie metal is prepared in the same 
way as barium, excepting that the amalgam is heated in a 
current of hydrogen. 

181. Properties and Compounds. — Strontium is a yellow^ 
malleable metal that oxidizes on exposure to the air, and 
which burns brilliantly when heated. It is not used in 
the arts. 

Its principal compound which is of use is the nitrate, 
Sr(N03)2. This salt is prepared by acting on strontium 
carbonate with nitric acid. Its principal use is as an in- 
gredient of red fire for tableaux, etc. 

A good mixture for red fire is made by pulverizing sep- 
arately equal parts of dried strontium nitrate and potas- 
sium chlorate. These substances are then placed on a 
sheet of paper and an equal bulk of powdered gumHshellac 
is added. The whole is now thoroughly mixed with a 




wpatula. Friction or concussion must be avoided, an thu 
mixture is explosive. 

182. Tests for Btrontinm. — 1. Stioiitium may be detected 
in any compound tiy fusing it ou eliaicoal with sodium car- 
bonatc, aftfir whicli tlie fused iiiasb is dissolved in a few 
di-oj»s of hydroeliloric acid, A platinum loop dipped in 
the solution colors tlie Buuiwi flame cninson, 

2. In its precipitfitca witli moht leagents stiontuim re- 
sembles barium. But it ma^ be beihiiated fitim the latter 




metal by potassiiini dichi'oniate, wliich gives the precipi- 
tate, BaCrO*. If this precipitate be filtered out, tlie stron- 
tium may )»i preiupttated from the filtrate as the sulphate, 
SrS04, by the addition of sulphuric acid. This precipitate 
is then tested by 1. 



183. Occurrence and Prepaiation. — Calcium occurs widely 
distribnh-d in coiiipiiunds. of which the carlionate, CaCOj, 
18 the most plentiful. Iceland spar is n beautiful variety 
of this carbonate, possessing the property of double rafrac- 




CALCICM. 

L tion (Fig. 31). Other crystalline fonuB are calc spar, i 
I ble, and dog-tooth spar. The aiuorphnus varieties . 
I known na limestone and chalk. Shells and corals are a 
mostly calcium carbonate. Calcium suljjhate, CaSO„ 
I curs in gypsum, anhydrite, and selenite. 

This metal is not used in the arts, and is prepared in t 
I Bame way as barium and strontium. 

184. Fioperties and ComponndB. — Calcium is a malleable 
metal which is not pennanent in the aij, and which bums 
with an orange-yellow light. Tlie couipomids of calcium 
are numei'ous and usefid. A few of 
tliese compounds are noted. 

(rt) Calcium Oxide, CaO, or quicJ 
lime, is prepared by roasting the car- 
bouate in lime-kilns (Fig. 32), It 
is used extensively for making 
mortar and other kindred purposes. 
When treated with water, calcium 
hydroxide. Ca(OH)i, is obtained. 
This is used us a reagent. Lime 
containing about ten per cent of 
silica is used as a hydraulic cement. 
Yj^ 32 since it has the property of setting 

under water, 
(J) Qyptum, CaSO,+ 2 H,0. occurs native and is much 
used as land-plaster. When burned, it yields plaster of pans, 
(c) Calcium Chloride, CaCl^ is obtained by treating lime- 
stone with hydrochloric acid. It is used in the laboral 
as a drj'er for gases. 

id') Bleackivff-pouider is obtained by passing chli 
into large chambers containing slaked lime. Its 
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(e) Calcium Carbonate, CaCOj, has already been men- 
tioned. Almost every surfiice water contains thin sub- 
atance in solution. It is the principal substance which 
makes waters " hard." Ita aetion depends upon the fact 
that it replaces the sodium or potassium of the soap and 
forms a limo soap which is insoluble. A lather caiuiot be 
obtained in a hard water until all the hardueaa is thus 
precipitated. 

185. Teats for Calcinm. — 1. A solid is first treated with 
hydrocliloric acid and then tested by the flame-test. It 
gives an orange-red flame. 

2. A solution of a calcium salt gives a white precipitate 
with ammonium carbonate, etc., the same as barium and 
strontium. By adding [lotassium sulpliate to a solution 
containing all three metals in solution, barium and stron- 
tium may be precipitated and filtered out. From the fil- 
trate calcium is then precipitated by ammonium oxalate, 
(NH4),('j04. A white precipitate, CatJ^C),, is obtained. 



fMAaiTESrUM. 
186, Occurrence and Preparation, — Magnesium com- 
pounds ai-e widely distriimted. Magnesium sulphate, 
MgSOw is a constituent of many bitter waters. In small 
quantities it occurs in a greater part of our drinking- 
waters, Magnesite, MgCOn, and dolomite, CaMg(COj)j, 
are quite common compounds. Asbestos, (MgCa)SiOj, 
talc, MgjH,(SiOs)i, and meerschaum, Mg,H,(SiO,)!, are 
well known. 

Magnesium is prepared for commerce by fusing a mix- 
ture of the dry chloride, fluorspar and metallic sodium in 
a closed crucible. The metal thus obtained is purified by 
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distillation. When in a semi-molten condition it is drawn 
into wire, which usually is finally flattened to form the 
magnesium ribbon of commerce. 

187. Properties and Compounds. — Magnesium is a silver- 
white metal which is quite permanent in dry air. It burns 
readily, emitting a painfully bright and dazzling light that 
is rich in chemical rays. It is used in photography for 
illuminating dark places, such a caverns, in-order that 
they may be photographed. It is also employed in pyro- 
technics and for signaling. 

(a) Maf/nesia^ MgO, is obtained by igniting the carbon- 
ate. It is used in medicine. 

(ft) Magnesium Chloride^ MgClg, is obtained from sea- 
water and from salt wells. It is used in dressing cotton 
goods. 

(<?) Magnesium Sulphate^ MgS04, is known as Epsom 
salts. It is obtained from the waters of some springs. It 
is also prepared by treating tlie carbonate with sulphuric 
acid. It is much used as a cathartic and in dressing cot 
ton goods. 

(cT) Magnesium Carbonate^ MgCOg, is obtained from dol- 
omite. It is used in medicine; it also is used as a face- 
powder. 

188. Test for Magnesium. — After removing the other 
fourth group metals with ammonia, ammonium chloride, 
and ammonium carbonate, magnesium may be obtained as a 
white crystalline precipitate, MgNH4P04, by adding to the 
filtrate disodium phosphate. Under these circumstances 
no further t^st is necessary. 
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SBPAHATrON OP THE FOUBTH GROUP METALS. 

189. Barium, strontium, ami calcium are precipitiited as 
the ciirlMiuates, BaCO-h SrCO*, and CaCOj, aa explained in 
Art. 176. The pi-ecipitate is then filtered out, and mag- 
neaium ia precipitated, as explained in the same article. 
If a precipitate ia obtained in that place, no further identi- 
fication of magnesium ia neeeasary. 

The precipitate containing the first three metals is first 
dissolved in acetic acid. The solution obtained is then 
treated as follows : — 

(a) To the solution add ammonia till alkaline ; then 
add potHasium dichromato. If barium Iw present, it will be 
precipitatad as barium chromatfi, BaCrO,, Filter. Dis- 
solve the precipitate in hydrochloric acid and then add 
sulphuric acid; a white precipitate, BaSOi, insoluble in 
acids, confirms the presence of barium. 

(A) To the filtrate from (a) add potassium sulphate. A 
whit« precipitate, SrS04. indicates tlie presence of stron- 
tium. Filter. Test the precipitate by Art. 182, 1, to make 
sure strontium is present. 

(e) To tlie filtrate from (J) add ammonium oxalate, 
(NH,))CjOi. A white precipitate in this place insures the 
presence of calcium. 

Note. If no linriiim be present, it Is 1)681 not to add tbe potasaium 
didimmaK. By iBsUng a small portion nf the acetic aoid soiution for 
barium, llie presence or Bibeenoe of tliitt metal may be determined. 
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CHAPTER XIV. 

THE FIFTH GROUP METALS. 

Data for Computations. — Potassium: Symbol, K'; Atomic Weight, 
89; Specific Heat, 0.1055 ; Melting-point, 62.5°; Specific Gravity, 0.87. 
— Sodium: Symbol, Na'; Atomic Weight, 23; Specific Heat, 0.2394; 
Melting-point, 95.0^ ; Specific Gravity, 0.978. 

190. The fifth group metals are often called the " Metals 
of the Alkalies." They do not furnish precipitates with 
ordinary reagents ; but they are detected by the color of 
the flame obtained when any of their salts are placed in 
the Bunsen flame on a platinum loop. 

In case other metals are in the solution, they must all be 
removed except magnesium, as explained in Art. 176. 

POTASSIUM. 

191. Occurrence and Preparation. — The potassium com- 
pounds are widely distributed. They occur in searwater, 
in many mineral watei*s, and in all fruitful soils. They 
form essential constituents of plants. Sylvite, KCl ; salt- 
petre, KNO3 ; and potassium sulphate, K2SO4, are some of 
the most commonly occurring compounds. But potassium 
is also a constituent of many of the older rocks, in which 
it occurs in orthoclase. 

In preparing potassium for commerce, acid potassium 

tartrate is first heated in closed iron retorts. This gives 

an intimate mixture of potassium carbonate and carbon. 
156 
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This mixture is now placed in iron tulses covered with fire- 
clay, and then placed in a furnace and heated to a white 
heat (Fig. 33). Metallic jwtaasium is obtained in the 
fonii of a vapor, which is condensed in a shallow box con- 
denser placed oiitaide the furnace. While in a liquid 
state it flows into vesseU containing rock oil. 




A is the iron tulie retort coaled with day. 

C is the condenser. 

D is the cup containinp rock oil. 



192. Propertieg and Compounds of Potaasiimi. — Potansiiim 
is a silver-wliite metivl wlien tirst cut. hut it soon shows a 
hluisli surface on exposure. Tt ignites at a low tempera- 
ture, and muMt be handled with piucei-a. It deeonipoees 
water at ordinary temperatures, often with explosive vio- 
lence, hydrofjen l>eing liberated and potassium liydroxide 
being foi'med. 

The piitiisfiinm salts are highly valued, owing to llicir 
Boluliility in water and theii- adaptability for vaiious nii;ili- 
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cinal and industrial uses. The potassium salt of nearly 
every acid is an article of commerce. Space allows but 
few compounds to be mentioned. 

(a) Potassium Hydroxide^ or caustic potash, KOH, is 
prepared by treating potassium carbonate with slaked lime. 
The crude article is much used as a lye. The form em- 
ployed for laboratory work is purified before it is cast into 
sticks. 

(J) Potassium Iodide^ KI, is obtained from a warm, con- 
centrated solution of potassium hydroxide by adding iodine 
until the potassium is satisfied. The salt obtained is ignited 
to decompose any iodate that may be formed. The bro- 
mide, KBr, is obtained in a similar way by the use of liquid 
bromine. 

((?) Potassium Chlorate^ KCIO3, is obtained by passing 
chlorine gas through a solution of calcium hydroxide until 
calcium chlorate is formed. That salt k then decomposed 
by treatment with potassium chloride : — 

Ca (010.3)2 + 2 KOI = OaOlo + 2 KOIO3. 

(d) Potassium Nitrate^ or saltpetre, KNO3, occurs as an 
incrustation on the soil in some hot, dry countries, as in 
India and Egypt. It is produced through the agency of 
minute organisms or ferments which cause the nitrogen of 
organic substances to combine with the potassium com- 
pounds of the soil. In the " saltpetre plantations " heaps 
of refuse animal matter are mixed with wood ashes and 
lime, and then moistened with urine or stable drainings. 
At intervals the outer layer is removed and leached with 
water to extract the nitrate. 

This useful compound is also obtained by treating Chili 
saltpetre with potassium chloride : — 

NaNOa + KOI = KNOg + NaCl. 
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Potaseium uitrate is extensively used in the raanufacture 
of gunpowder, which is an intimate mixture of potassium 
nitrate, sulphur, and pulverized chaixioal. In the laboi'a- 
tory this salt is used in many ways, as demonstrated by 
work previously done, 

(e) Potassium Carbonate, or potash, KtCO,, is obtained 
by leaching wood ashes. Tlie solution is evaporated to 
saturation, when this salt crystallizes out in impure forms, 
which are aftei'ward purified by roasting in a reverbera- 
tory fui'nace. 

193. Tests for Potassinm. — PntaHsium compounds on a 
jilaliimm loop color the Bnnaen flame violet. This flame 
is visible through thick blue glass. 



^H SODIUM. 

i94. Ooourrenoe and Preparation. — Sodium ia distrilmted 

evciy where. Tlie must plentiful coiujmund is tlic clilo- 
ride, <ir common suit. Stilt is obtained from aea-water and 
from salt wells in various parts of the world. Vast de[X)8- 
it« of mck salt are found in different places. The brine 
from salt wells is pumped into large evaptu-ating-paiis 
heated by steam coils. When the brine is sufliciently 
concentrated, crystals of salt separate out, and these are 
removed from the mother liquors by meauH uf jMarforated 
scoops. 

Kock salt is usually mined ; but at Marine City, Mich., 
the depositM are too deep for that method. Therefore wells 
are boi-ed down to the salt rock, 'and streams of water are 
forced in. When this water lias become aatui-ated, it ia 

ied into jtans and fvapoviited the same as any brine. 
k the United Stales salt is manufactured at Syracuse, 
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N.Y., and in the Saginaw Valley, Mich. Other localities 
also afford salt in smaller quantities. 

Sodium is prepared in the same way as potassium, ex- 
cept that the carbonate and charcoal are employed in the 
reduction. 

195. Properties and Compounds. — Sodium is a metal 
closely resembling potassium in its physical and chemical 
properties, but it is not so energetic in its action upon 
water. It will take fire in warm water, in starch paste, 
or on wet paper. 

The compounds of sodium are as numerous and as use- 
ful as those of potassium. The salts are prepared by about 
the same methods, and their uses are similar to the potas- 
sium salts. But the sodium salts are not so well adapted 
for some uses. Thus, sodium nitrate does not make good 
gunpowder, owing to its greater liability to effloresce and 
to attract moisture. Again, many chemists prefer .the 
potassium salts as reagents, since they do not " creep " out 
between the stopper and the neck of the bottle so much as 
the sodium compounds. 

Many sodium compounds have already been noticed, and 
the limits of this work will warrant a notice of but few 
others. 

(a) Sodium Carbonate^ Na2C08, is extensively used for 
various purposes. It is obtahied from common salt by first 
converting the chloride into sodium sulphate by means of 
sulphuric acid. The sulphate is next heated with pow- 
dered coal, when it is reduced to sodium sulphide ; then 
this sulphide is heated with limestone, when it is converted 
into the carbonate. Usually the coal and limestone are 
added at the same time. The sodium carbonate thus 
obtained is now removed by lixiviation with water, after 
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which the solution is evaporated to diyness and then cal- 
cined, when it is ready for the market. 

The ammonia process for making sodium carhonate is . 
now extensively used. In this process sodium chloride is 
simply treated with ammonia and carhon dioxide. Acid 
sodium carbonate, NaHCOs, is first formed. Then this 
compound ia decomposed by heat into the normal carbon- 
ate and carbon dioxide. 

Soda crystals or sal sodx, NajCO, -|- lOHjO, is obtained 
by allowing the common carbonate to crystallize out of a 
water solution. It is used in softening water. 

Acid sodium carbonate, NaHCOj, is used for domestic 
purposes as saleratus and as an ingredient of baking-jxiw- 
dera. It is often called bicarbonate of soda. 

(by Glass is a silicate of calcium and sodium or of cal- 
cium and potassiiuu. Ordinary glass contains sodium. 
The difficultly fusible Bohemian glass contains potassium. 
Gla»B used for optical purposes and for making some kinds 
of fine glassware contains lead. Green bottle glass owes 
its color to the presence of iron. 

Ordinary glass is made by fusing a mixture of quartz, 
quieklirae, and sotlium carbonate. Sometimes limestone is 
used in place of the quicklime. 

196. Test for Sodium. — Any sodium compound on the 

platinum loop coloi-a tie Bunsen flume yellow. This flame 
is not visible through the blue glass. 



AMMOKITTH. 

Ll97. Ammoninm is a hy]»othetical compound, NH„ wliicli 
pesembles a metal in some res|iects. We have already 
seen how this combines with acids to form aaltji. Tims, 
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we have ha<l ammonium chloride, NH^Cl, aromoniui 
nitrate, NTI,NOa. and other salts. Ag«in, it seems 
ammonium is capable of forming an amalgam with meiH 
ctiry, which may be prepared by adding sodium amalgai 
containing from one t« three per cent of sodium, 
strong solution uf ammonium cliloride. Tint notwithstan^ 
ing these coniniderations, ammonium has not been isolated. I 

Tlie ammonium salte may usually be made by addinj 
the acid directly to ammonia, NHj. In the case of ammof 
nium carbonute, (NH,)iC03, ammonium chloride is suV-l 
limed with calcium carbonate, after which the product i» 1 
digested with atroiig aqua ammonia). 

Ammonium sulphide, (NH,)iS, is obtained in the labi 
ratory for reagent purjtoseH by j>a)ii4iug hydrogen sulpbidl 
through reagent ammonia until it will not give a preoipiS 
tate with a solution of magnesium sulphate. Upon Htand- 
ing, this sidphide changes to the yellow ammonium aul-^ 
phide, (NH4)[Sx, sjMiken of in the second gixjup metala. 
This yellow sulphide may also be obtained by warnung 
ordinary ammonium sulphide witli flowers of sulphur ; the 
o^ieration may be conducted in a test-tube, and the reagent 
may be prepared in small quantities from time to tiiae M 
needed. 

IDENTIFICATION OP THE FIFTH GHOUP METAI«. 

198. Both sodium and potassium are detected by the 
flame-test. If both are present, the yellow sotlium flame is 
liable to obscure the potassium flame. But when viewed 
througli the blue glass, the sodium flame is shut off while 
the jKitassium flame remains visible. 

Ammonium is always to be sought in the original solu- 
Ltion. In the coui-se of analysis so much ammonia is em- 
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ployed that the solution tested for sodium luid [iiitiisBium 
would always give tlie tost for ammouiuni. 

Therefore add imtassiuni hydroxide to the original solu- 
tif>ii, warm gently, and test the escaping fumes for ammo- 
nia by the odor, and with & glass rod moistened with 
hydrochloric acid, etc., ius in ArU 33. 

ANAIiTSIS OF AN UNKNOWN SUBSTANCE. 

I 

TO DISSOLVE A SOLID. 

199. If the unknown be in solution, proceed immediately 
by II. If the substance be a solid (excepting such a sub- 
stance as sulphur or iodine), it is best to bring it into solu- 
tion. This is not always easy to do, and some methodical 
plan ought to be followed, such as the one here given: — 

1. Place the substance in an evaporating-dish, add wei(e»", 
and boil. If the substance dissolve completely, treat the 
solution by II. If it be doubtful whether any of the sub- 
stance has dissolved, evaporate carefully to dryness (on a 
piece of porcelain or on platinum foil) a few drops of the 
liquid in the dish. If a residue remain, some of the sub- 
stance has dissolved. Filter out the solid remaining in the 
evapo rating-dish, and treat the filtrate as in II. ; proceed by 
2 with the remaining solid. 

If none of the solid has dissolved, pi-oceed with it by 2. 

2. Add nitric acid to the contents of the evapomting- 
dish, and boil gently. If the siibstance dissolve completely, 
evaporate the solution nearly to dryness to expel any 
excess of acid ; dissolve the residue in wat«r, and treat the 
solution by II. 

If it he doubtful whether any of the substance has dis- 
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solved, test a few drops on porcelain as before. If a part 
has dissolved, filter, evaporate the filtrate to expel any 
excess of acid, add water, and then proceed by II. Treat 
the residue by 3. 

If none of the substance has dissolved, treat the solid 

by 3. 

3. Add nitrO'hydrochloric acid to the contents of the 
evaporating-dish, and warm gently. If the substance dis- 
solve completely, expel tlie excess of acid, etc., as in 2. 

If it be doubtful whether any of the substance has dis- 
solved, test on porcelain, etc., as before. 

If a portion of the solid dissolve, filter, expel any excess 
of acid, etc., as before. Treat the residue by 4. 

If none of the substance has dissolved, it is insoluble in 
acids, and must be treated as in 4. 

4. Fuse the insoluble substance on charcoal with sodium 
carbonate, and then commence back again by 1. The mass 
will usually dissolve either in water or in nitric acid. 

In fusing, note any coating around the assay. 

II. 

SEPARATION AND DETECTION OF BASES. 

1. Add hydrochloric acid to the solution; a white pre- 
cipitate indicates any or all of the first group metals in the 
form of the chlorides : PbClg ; AgCl ; Hg CI. Filter out 
the precipitate, and proceed with it as by Art. 131. Treat 
the filtrate by 2. 

2. Through the filtrate from 2 pass hydrogen sulphide 
for a long time. A precipitate may contain any or all of 
the second group metals in the form of the sulphides: 
AS2S3 (yellow) ; Sb2S3 or ^hSs (orange) ; SnS (brown) , 
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SnS> (yeUow); Bi^, (black); CuS (_black) ; CdS (yel- 
low) ; PbS (black) ; HgS (black). 

Filter, and treat the precipitate by Art. 150. Boil the 
flltraUi to ex[)el all hydrogen sulphide, add a few di'ops of 
nitric acid, boil again for a short time, and proceed by 3. 

3. To the prepared filtrate from 2 add ammonia and 
ammonium chloride ; any precipitate may be : Fe (OH)g 
(reddish brown); Cr (OH)^ (bluish green); Al (OH)^ 
(white, gelatinous). Filter, Treat the precipitate by Art. 
175, I. 

To the filtrate add ammonium sulphide. Any precipi- 
tate may he : MnS (flesh-colored) ; CoS (black) ; NiS 
(black); ZiiS (white). Filter, and treat the precipitate 
by Art. 175, II. 

Evaporate the filti'ate to dryness, gently ignite the resi- 
due to expel as much of the reagents previously added as 
posaiblo, disaolve the i-esidue in water, and proceed by 4. 

4. To the prepared tiltrate from 3 add ammonia, ammo- 
nium chloride, and ammonium carbonate. A precijiitate 
may be tlie carbonates (wliite) : BaCO„; SrCO^; CaCOj. 
Filter, and t«st the precipitate by Art. 189. Divide the fil- 
trate iu two parts ; to one of these partK add diiodium 
pkoupkate ; a white preuipitate, NHiMgPO,, identifies 
magnesium. 

5. Test the second part of tlie filtrate from 4 by Art. 
198. Test the original solutions for ammonium by Art. 



Im. 
DETECTION OF ACIDS. 
"f. If tlie uriknowii is a solution or a solid soluble in 
water and biis Iweu found by the work in II. to contain 
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arsenic, chromium, or manganese, these elements may be 
present in the unknown as acids. Therefore test the sub- 
stance for the acids formed by these elements. 

2. If these metals are not present, but other metak 
belonging to any group (except the fifth group metals and 
magnesium) have been found, it is necessary to remove 
these bases before testing for acids. This is accomplished 
by adding to the solution, potassium hydroxide and potas- 
sium carbonate. These reagents remove all metals that 
would interfere with the tests for acids. Filter out the 
precipitate, and treat the filtrate by (a), etc. If no bases 
are present in the solution that interfere with the acid 
tests, proceed by (a), etc. 

(a) Acidulate a portion of the solution or filtrate with 
nitric acid and add barium chloride, BaCl2. A white pre- 
cipitate, BaS04, shows that sulphuric acid is present. 

(6) Acidulate a second portion of the solution or filtrate 
with nitric acid and add silver nitrate. A white precipi- 
tate indicates the presence of any of these acids : HCl ; 
HBr; HI, HCN.i Therefore to a fresh portion of the 
solution or filtrate add hydrochloric acid, chlorine water, 
and carbon disulphide, and shake. No color indicates HCl 
or HCN. Try the odor of the unknown ; an odor of 
peach blossoms indicates HCN ; test further by Art. 98. 
If no odor is noticeable, the work up to this point shows 
hydrochloric acid, HCl, to be present. 

If the carbon bisulphide is colored brownish red, HBr is 
present. If the color is violet, HI is present. 

(c) Acidulate a third portion of the solution or filtrate 



1 n^FeCCN)^ and H3Fe(CN)g would give precipitates here. Bi»t the 
student would probably discover these acids while working for the bases. 
If indications of these acids are observed, test by Art. 156, 2 and 3. 
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witli liydroehloriu acid, tttid tetit for nitric acid. Art. 42. 
(See note.) 

(rf) If carbonic acid be present, it may be found by add- 
ing to the original substance hydrocliloric acid, A brisk 
effervescence will ensue. 

(e) Now test separate portions of the solution, or filtrate 
for the following acids: H^PO,; Il^SiO,; 11,^0^; H^A; 
HCIO3. 

S. If tlie substance be an oxide or a hydroxide, it will 
give no tests for acids. 

4. If the substance be in the form of a powder or a solid, 
one may tell nearly what acids are present by placing 
some of the dry powder in a t«Bt-luhe and adding sul- 
phuric acid. Upon heating gently the following phenom- 
ena may occur ; — 

(a) A rapid effervescence of an odorless, colorless gas 
indicates a uarlKiuate. 

(6) A slower effervescence of a colorless gas possessing 
the odor of i-otten eggs indicates a sulphide. An odor of 
burning matches indicates a sulphite or a thio-sulphate. 
An odor of peach blossoms indicates a cyanide. An odor 
of vinegar indicates an acetate. An irritating odor indi- 
cates a chloride, a fluoride, or a nitrate. 

(c) A colored gaa with an irritating odor indicates an 
iodide or a bromide. 

(d) A sudden explosion identifies a chlorate, 

(e) If no action occurs, the acid may be HoSO* ; H,PO, ; 
HiSiOii H3BO). Therefore test for these acids in order. 

NoiB. It must be distinctly uiwieratood that the scheme outliiiod in i 
only gives Indliiktions. These indications are not sufficiently pcisitive to 
piirmit an acid (except chloric iicid) to be reported without further testa. 
Therefore when un iudicutimi lit obtalued, tiiru to tlio acid iuillcawcl and 
make tlie teats them given. 



CHAPTER XV. 

INTRODUCTORY TO THE CARBON COMPOUNDS. 

200. Organic and Inorganic Substances. — In former times 
all compounds were classified into organic and inorganic 
substances. This classification was based upon the sup- 
position that the so-called organic substances could be pro- 
duced only through the intervention of living organisms, 
i,e, plants and animals. Starch, sugar, indigo, and urea 
will serve as examples of the so-called organic substances, 
while any of the salts or ores previously considered will 
afford examples of the inorganic compounds. 

In these later days, however, so many of the so-called 
organic compounds have been prepared in the laboratory, 
by artificial processes, that it has become evident that the 
name " organic " is not at all appropriate, nor was the 
former distinction well taken. In short, even " Organic 
Chemistry," according to our better understanding, is now 
usually termed tlie Chemistry of the Carbon Compounds, 
or, better still, the Chemistry of the Hydrocarbons and 
their Derivatives. 

The Carbon compounds are almost innumerable in num- 
ber ; and they vary in their structure from simple forms to 
those of the greatest complexity. Carbon, as we have seen, 
is quadrivalent ; and, moreover, it seems to possess the 
property of combining with itself to form centres, around 
which the remaining elements of the more complex com- 
pounds are held by the usual laws of valence. Thus it 

168 
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appears that an infinite number of carbon compounds are 
possible, and that their complexity may be veiy gitat. 

301. Homology. — At the outset it would seem desirable 
to an-ange tlie cai'bon compounds, if possible, into ulasses, 
so that some order might be introduced into theii' consid- 
eration. Fortunately, this may be dune. Thus, if we 
examine the formulse of the comiTonnds CH„ CaHn, CsIIj, 
CjHjo, CjHij, etc., we shall see that there are evident rela^ 
tions existing. In tlie first place, it appeal's that between 
any consecutive two of these compounds theie is a con- 
stant difference in composition of CHa; and in the second 
place, it is evident that these compounds fonn a natural 
series, all members of wliich may be I'epresented by one 
general formula. Thus, C,Ha.+t will represent any mem- 
ber iu the foregoing series. This series is a well-known 
one, and is called the marsh gas, or paraffin, series. Such 
a relation between compounds is tenned Homology, and 
such a series is called a Homologous Series. 

In all there are at present known, to a greater or less 
extent, about eighteen of these homologous series ; and it 
matters not what one of the numerous compounds of car- 
bon may be under consideration, nor liow complex its sti'uc- 
ture may be, it can usually be assigned to some one of these 
series. Some compounds, however, belong to more than 
one series. 

In the following article a table is given for inspection 
which gives the names of these difEcrent series, together 
with some other facts that will be useful, 

If we begin with the lowest member of any of these 
homologous series and add successively CH^ it is evident 
that the series is capable of extension tu iu Unity. But as 
n matter of fact, the number of hydrocarbons in auy sR,rift&, 
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SO far as known, is quite limited. In the firat, or paraffin, 
series, CH4, C2He, etc., the series is known to extend to 
C35H72, and sixteen terms have been described. In several 
other series but one member is known, while still others 
have but from two to four representatives. In the six- 
teenth series not a single term is known. But these 
series are important, since their different members are 
now considered to be the starting-points from which all 
the various compounds are derived. It will be noticed 
that these substances contain carbon and hydrogen only, 
and in general they are termed Hydrocarbons, 

202. A Table of the Hydrocarbon Series. 



Name of Series. 



Paraffin 

define 

Acetylene 

Terpene 

Benzene 

Cinnamene, or Styrene . 
Acetenyl-Benzene . . . 

Naphthalene 

Diphenyl 

Stilbene 

Anthracene 

Benzyl-Naphthalene . . 

Pyrene 

Chrysene 

Dinaphthyl 

Idrialene 

Tetraphenyl-Ethylene . 



General 
Formula. 



CnH2n+2 
CnH2n 

CnHon -2 

C„H2h_4 

C,iIl2rt-6 

CnH2«- 8 

C„Il2n-10 

CrtH2>i 12 

CnH2„_i4 

C„H2n-l6 
CnM2n 18 
CnH2n-20 
Cnll2n 22 
CnH2n-24 
CnH2n-26 
CnH2n - 28 
CnH2n 30 
CnH2n 32 



Lowest Member known. 



Formula 

Lowest 

Member. 



Methane 

Ethylene 

Acetylene 

Valylene 

Benzene 

Styrene 

Phenyl- A cetylene 

Naphthalene 

Diphenyl 

Acetylene-Naphthalene 

Anthracene 

Benzyl-Naphthalene 

Pyrene 

Chrysene 

Dinaphthyl 



Idrialene 
Tetraphenyl-Ethylene 



CH4 

C2H4 

C2H2 

C5H6 

CeHc 

CgHg 

C12H10 
C12H8 

Ci7Hi4 

CwHio 
C18H12 
C20H14 

C22H14 
C26H20 



INTRODOCTOKV ■ 
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203. Names of the Members of the Hydrocarboa Series. — 

In llie firat or i>aniffin, series, the ending "aiie" its iiaeii 
as a distinctive ending, while in all other series the immes 
of tbe members usually end in "ene." In the firat two 
series, after the first four members, the numeral prefixes, 
"pent," "hex," "sept," etc., are used to distinguish the dif- 
ferent compounds. The subjoined lists will illustrate the 
principles used in naming the first two series : — 



Paraffin Sbkies. 


Olefine Series. 


C.H;^+^ 




c,n^. 


CH, . . . Methane. 


C,H, 


. . Ethylene. 


CjHb . ■ ■ Ethane. 


CaHfl 


. . Propylene 


CjH, . . . I'ropane. 


C.Hs 


. . Butylene. 


C,H,o . . . Butane. 


CiH,„ 


. . Aniylene. 


C.H,j . . . Pentane. 


CflH„ 


, , He xylene. 


CgH„ . . . Hcxane. 


C,H„ 


. . Heptylene 


Etc., etc. 




Etc.. etc. 



In naming the members of the remaining series, no such 
regular method has been followed. The names are mostly 
compounded from simpler ones which correspond to simple 
radicals, of wliich the higher series may be said to be com- 
posed. When the names are not compound, they freqiiently 
indicate the soui-ce from which the member is obtained, or 
some striking peculiarity belonging to that member. But 
it is not necessary for the beginner to master all these 
names. Some of the most important will be noticed in 
appropriate places. 



204. Elementftls and BerivatiTeB. — In the previous chap- 
ters of this WLii'k we were dealing with elements and with 
the compounds formed by the union of these elements. A 
Homewhat similar distinction may be made in the study of 
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the carbon couii>ounds. It is now customary to consider 
those hvdrocarbons which form the members of the different 
homologous series as primary compounds. The more com- 
plex comix)unds, which contain other elements besides car- 
bon and hydrogen, are regarded as derivatives of the simpler 
hy diocarbons. The principal derivatives are of four kinds: — 

1. Those containing chlorine, bromine, and iodine. These 
are termed in general the Halogen Derivatives. 

2. Those containincr oxygen. Under this division are 
included such iniix)ii:ant coniix)unds as the Alcohols^ ^then^ 
and Acids, 

3. Those containing nitrogen. These are formed by the 
reaction between certain hydrocarbons and such reasrents 
as nitric acid and ammonia and cyanogen. Those obtained 
from ammonia are termed Amines; e,g. NHgCHj, methyl- 
amine. Those from nitric acid and cyanogen are called 
respectively Nitro and Cj/ano Derivatives. 

4. Those containing sulpliur. Here are included such 
compounds as tlie Mercaptans and the Sulphonic Acids. 

205. Substitntion. — In the paraffin series the carbon 

atoms are saturated, i,e, eacli of the four bonds of carbon 

liolds in combination an atom of hydrogen. This may 

be graphically represented, in the case of methane, thus : 
II H H 

II — C — II. Ethane may be represented thus : H — C — c — H. 
t I I 

II H H 

H H II 

Propane may be represented thus : ii — c — C — C — H. Now, 

I t t 

H H H 

since the carbon atoms can hold no more elements in com- 
bination, nothing can be directly added to any of the hydro- 
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carbons of the pai-ailiu seriea. But when any one of these 
i;ompoiiiids is treated with tbu proper reagents, one or more 
atoDis of hydi'ogen may lnj diapliiced, and another element 
taken instead. Thus, if methane be mixed with chlorine 
gas, and then exposed to the action of diffused sunlight, 
hydroiihlorie acid is given off, and different products are 
obtained, depending upon the duration of the action. Thus 
the following four compuunils have Ijeen isolated, by re- 
yilaeing the hydi'ogen in methane, CHj : c hi or-m ethane, 
CH.Cl; dichlor-iuethane, CH^Cl,; trichlor-methane, CIICI,; 
carbon tetra-chloi-kle CCl,, 

In these derivatives it is plain that one after another of 
the hydrogen atonxs haa been displaced by chlorine. The 
products thus obtained are called Substitution Produetx; 
and the process of substituting other atoms, or groups of 
atoms, for hydrogen is termed Suhstitution. 

Bi-oiuine and iodine also form substitution products with 
methane. 



Benzene, Callj, of the benzene series, also furnishes a 
good illustration of the substitution products: OeHaClt* 
CgHiCls, CglljCU C«H,C1., CeHCl^ CaCU 

Sue. Student, name tlieae compounds, Iji-giniiing witli C,HjCl, clilor- 
benzenc^. dimplete the iwriita of substitution prodiictn for benxene, and 
give the names, beginning with CjH5(N0,), nitro-lninaene, etc., etc. 

206. Additioa Products. — In the case of the oleffne series, 
other elements may lie directly added to the hydrocar- 
bons. Ethylene can l>e represented by tlie graphic for- 
mula, H; = C = O = H;, in which the carbon atoms are 
j<iir]L-d by two InitiiIs. When brought nnih'r the influence 
of lliB pni[ier ii'ai,'cnls, it sveiiis as if two uf these bonds 
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are released, thus enabling this hydrocarbon to act like 
a bivalent radical. Thus we have, from ethylene, C2H4: 
ethylene chloride, C2H4CI2 ; ethylene bromide, C2H4Br,; 
ethylene hydrochloride, C2H4HCI ; etc. Other series also 
afford examples of this method of derivation. Hydro- 
carbons that form addition products are often spoken of 
as unsaturated compounds. 

207. irnsatiirated Radicals in the Paraffin Series. — In the 

paraffin series such compounds as CHsCl, CHsBr, C2H5CI, 

CaHfiBr, etc., occur, in which such radicals as CHj and 

C2H4 appear. These radicals have not been isolated, but 

their occurrence is so common that they have been assigned 

names ending in "yl." CH, is called methyl^ and C2H5 is 

called ethyl. These radicals have one atom of hydrogen 

less than the primary compounds wliich gave them origin. 

Thus : — 

Methane, CH4 ... Methyl, CH3. 

Ethane, C^Hj. .... Ethyl, C2H5. 

Propane, C3H8 . . . Propyl, C3H7. 

Butane, C4irio. . . . Butyl, C4H9. 

Etc., etc. Etc., etc. 

All these radicals are monovalent, and they act like univa- 
lent metals in forming salts. Thus we have methyl chloride, 
CH3CI ; ethyl bromide, C.JIsBr ; propyl iodide, C3H7I ; etc. 
Note that two methods of naming these compounds are in 
use. Thus CH3CI is called chlor-metliane or methyl chloride. 

Unsaturated primary compounds like the olefines are 
sometimes called radicals. 

208. Isomerism. — Frequently one formula represents two 
or more entirely different sukstances. Each compound may 
contain exxictly the same number of atoms of the different 
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elements, the molecular weights may be the sjime, and even 
the vapor densities may be identical. For example, CjH„0 
represenbi two entii'ely different substances. One is methyl 
oxide, (CHa),0, a gas, and the other is ordinary alcohol, or 
ethyl hydroxide, CaHjOH. These two substances fulfil the 
foregoing conditions exactly, and are called Tsoffi^r*. When 
two substances afford such a perfect case of isomerism, they 
are also called Metamerio Isomers, to distinguish them from 
another form of isomei-isra in which the molecular weights 
of the different compounds vary by some multiple o£ the 
lowest member. Thus we have acetylene, CsHa ; benzene, 
CgHo ; and styrene, Cgllj. These substances are called 
Polymerie Jgomerg. The C.Hj, series of hydrocarbons 
affords good examples of polymerism. 

209, Htuforinity among Derivatires. — Each primary hydro- 
carbon is cajiahle, in theory at least, of furnishing a set of 
derivatives similar to those obtainable from any otlier hydro- 
carbon. Thus, each hydrocarbon will furnish a set of halo- 
gen derivatives, — an alcohol, an ether, an acid, etc., etc. 
Hence it is not necessary, in order to obtain a general view 
of the principles involveii in the chemistry of the carbon 
compounds, to study all the liydrocarbons and their deriva- 
tives in detail. The study of any one hydrocarbon series, 
such as the paraffin series, would answer this purpose. 

It is true that the derivatives obtained even from hydro- 
carbons in the same sei'ies possess different physical and 
chemical cliaracteristics, but it is also true that they pos- 
sess in common many jmints of similarity. As a rule, with 
a reasonable number of exceptions, the general reactions 
and methods emphiyed with one are applicable to all. 

In tlie limited space at onr (hsposal, only the most impor- 
tant compounds can be considered. 



CHAPTER XVI. 

THE PARAFFIN SERIES, CnHa^^.,. 

210. Occurrence and Preparation. — This series of hydro- 
carbons is often called the marsh gas or methane series 
from the name of its lowest member. Many of these 
primary hydrocarbons occur in crude petroleum and in 
gases occurring in connection with the coal deposits. 
Some of them, as well as some of their derivatives, are 
to be had from the destructive distillation of coal, wood, 
bones, and the refuse liquids or " vinasses " left after dis- 
tilling the fermented molasses obtained from beet sugar 
factories. 

As a matter of interest, the paraffin series can be built 
up from the elements by synthetic processes. Thus, when 
water or hydrogen sulphide is mixed with carbon disul- 
phide (all of which can be prepared directly from the ele- 
ments), and the mixture passed over heated metals, such 
as copper, methane, CH4, the first member is obtained : — 

CS2 -f 2 H,0 4- 6 Cu = CH4 + 2 Cii,,8 + 2 CuO. 

Now by treating methane with iodine, iodo-me thane or 
methyl iodide, CH.J, is to be had. Then when methyl 
iodide is treated with metallic sodium, the next member, 
ethane, C2H6, is produced : — 

2 CH3I + 2Na= C2H6 -f- 2NaT.^ 

Next ethyl iodide, CgHsI, can be prepared from ethane ; 

and when a mixture of this substance and methyl iodide is 
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trented with sodimn, the next member, jd'opaiie, CjHa, is to 
■ CH3I + CsH.I + 2 Na = CsHa + 2 Nal. 

Again, when ethyl iodide alone is treated with sodium, 
butane, C^H,,,, is produced. 

2 C,HjI + 2 Na = C^H,,, + 2 NaT. 

It can be readily seen that in this way it is possible to 
build up a large number of the membera of this series. 
Other methoda of synthesis are also known and employed. 

Of eoiu-ae for commercial purposes resort is usually had 
to the natural sources of the different compounds. But 
such synthetic processes are of interest and of value, since 
to them we owe much of our knowledge concerning the 
constitution of the earbou compounds. Moreover, a large 
range of possibilities is suggested in metlioda of building 
up compounds, which have of late borne many good results, 
since by these methods various substances of great utility 
have been produced by artificial means. 

211. Properties of the FarafBns. — Beginning with me- 
thane, a gas, this series gradually passes into volatile 
liquids, heavy liquitls, and finally into waxy solida at ordi- 
nary temperatures. It is from these solids, the paraffins, 
that the series obtains ita name. Many useful and well- 
known substances belong to this series. 

Among the gases is methane, or fli-e damp, which has 
already been deseriljed under carbon. Ethane and proi>ane 
are also gases. Butane is a liquid boiling at 1° C. Pen- 
tane boils at 38° and hexane at 70° C. And so the series 
passes on up to the waxy solids known as " paraflin," which 

8 a mixture nf the higher hydrocarbons of this series. 

, jpvlrolfum, or rock oil, hiis been mentioned as one of the 
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natural sources of this series. From this crude oil are ob- 
tained the commercial products, cymogene^ rhigoline^ naph- 
tha^ gasoline^ kerosene^ lubricating oil^ and paraffin. All of 
these products are mixtures of different hydrocarbons. 

In order to separate these substances the crude oil is 
subjected to distillation. Beginning with low temper- 
atures the compounds, ethane, propane, and butane, which 
were dissolved in the crude oil, pass off first and are 
condensed under pressure to a liquid consisting principally 
of butane. This liquid is known as cymogene^ and is used 
for the artificial production of low temperatures. Products 
obtained at about 18° F. are called rhigoline. From this 
point up to about 70° F. the volatile substances known as 
naphtha^ benzine, gasoline, etc., are obtained. These are 
much used for heating and illuminating purposes, but 
special burners are required for their consumption. By 
means of a rotary air-pump that sends a current of air 
through a specially appointed tank holding gasoline, a 
veiy good quality of gas for illuminating and heating pur- 
poses is obtained. The use of gasoline in our modern 
gasoline stoves barely needs mentioning. 

Above 170° F. kerosene oil is obtained, while at still 
higher temperatures a heavy lubricating oil is given off. 
The waxy residue is purified and sold under the name 
"paraffin." Vaselene, or cosmolene, is the more liquid 
portions of paraffin. 

The kerosene obtained by distillation is colored and 
contains objectionable impurities. Consequently it is 
subjected to refining processes in which it is treated with 
sulphuric acid, alkalies, and water. Thus is obtained 
the water-white oil in such common use wherever gas is 
not available. 

Kerosene that contains the more volatile hydrocarbons 
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is dangerous in that it has given rise to many diaastrous 
conflagrations by exploding. The la^vs of nearly all coun- 
tries now require it to be of a certain standard, which varies 
somewhat for different counti'iea, and even in different 
parts of the same country. It is required to have a fia»h- 
iitg-point, varying from 73° to 110° F., according to the 
locality, as illustrated in the following : — 

Exi'. 91. Arrange an apparatus as shown in Fig. 34. The 
glass cylinder A has a wooden cork iu the bottom, and the 
beut glass tube d terminatea in a fine 
jet at b. A large eight-inch test-tube 
having its bottom removed makes a good 
cylinder. The bottom may be cut off by 
first making a scratch with a file, and 
then by means of a ten-penny wire nail 
heated to low redneaa, a check can be 
started at the file mark and led squarely 
around the tube. 

Fill the cylinder about one-third full 
of kerosene to be tested, and then place 
the apparatus in a water-bath (a tin can 
will answer) up to the level of the kerosene. Apply heat to the 
bath, and force a steady curreut of air through the bent tube 
until there is a half an inch or so of foam ou the kerosene. 
At every rise of one degree ou the thermometer apply a 
lighted taper to the mouth of the cylinder. When the flame 
flashes down to the kerosene, the reading of the thermometer 
gives tlie flashing-point. 

Asplialt or AspAaltum is a solid related to the paraffins. 
It occui's in vast de^iosite, as at Trinidad. It is soluble in 
turpentine and in benzene, and is used as a paint, etc. 

After this preliniinai-j* view of the paraffin series wo will 
next consider methane aud ethane and some of their most 
useful derivatives. 
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METHANE AND ITS DERIVATIVBS. 

I. Halogen Derivatives. 

212. GUor-Methane, or Methyl Chloride, CHsCL — Chlor- 
methane has already been noticed as the first substitution 
product when methane and chlorine gas react. Pure 
methyl chloride is prepared by treating a solution of zinc- 
methane, Zn(CH3)2 (Art. 223), and methyl alcohol, 
CH3OH (Art. 215), with hydrochloric acid. 

But the chlor-methane of commerce is now largely pre- 
pared from the destructive distillation products of the beet 
root vinasses. Among these products is trimethylamine, 
N (0113)3 (Art. 219). This is treated with hydrochloric 
acid, and then subjected to heat. The methyl chloride 
thus obtained is purified by treatment with hydrochloric 
acid, and then dried over calcium chloride. It is then 
condensed under pressure and preserved in strong cylin- 
ders. 

Methyl chloride is a mobile, ethereal-smelling liquid 
which boils at 23°. It is now much used in making various 
aniline coloi-s, and for refrigerating purposes. It burns 
with a green-bordered flame. 

213. Trichlor-Methane, or Chloroform, GHGls. — Of the re- 
maining chlorine substitution products of methane, chlo- 
roform is the only one deserving mention here. The 
substituting process is not applicable for the commercial 
production of chloroform. In commerce several processes 
are employed. 

Exp. 92. Place a few crystals of chloral hydrate, 
CCl3.CH(OH)2, in a test-tube, add a concentrated solution of 
potassium hydroxide, KOH, and warm gently. Note the odor 
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of tlie cliloroform produced. In addition to the chloroform 
potassium formate is formed : — 

CCl3.CH(0H); + KOH = CHCI3 + CHKO, + H^O. 
Large quantities of chloroform are manufactured in this 
way, excepting that sodium hydroxide is used instead of 
the potiiHsium compound. 

Another method extensively employed is to treat com- 
mon alcohol with bleaching-j»owder. The reactions in- 
volved are complicated, and cannot well be represented 
hy one equation. 

Chlorofomi is a colorless, mohile liquid which poaseeses 
a characteristic and peneti'ating odor. Its specific gravity 
is 1.525. It mixes with alcohol and ether, but not with 
water. It acts as a solvent on many oils, gums, resins, 
and alkaloids. Hence it is much used in the arts and for 
analytical purposes- 
Chloroform is extensively used in medicine and in sur- 
gery as an anjusthetic. 

214. Tri-iodo-Hetliane, or Iodoform, CHI^ — Iodoform is a 
yellowish solid which ciyst^illizes in six-sided phites. 'Iliia 
is the most import^int of the iodine substitution products 
of metliane. It can be prepared by the action of iodine on 
ethyl alcohol, in the pressure of an alkali, or an alkaline 
carbonate. 

Exp. 93. Dissolve 10* crystallized sodium carbonate in 
60" water, add about G'° common alcohol, anil warm up to 
about 70° C. Now slowly add 5* iodine and agitate. Note 
the crystals of iodoform that separate out. Keniove the crys- 
tals hy filtration ; dry them between pieces of blotting-paper. 
Note their odor and their other characteristics. 

The preceding experiment illustrates the commercial 
processes involved in the manufaetm'e of iodoform, but 
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some of the by-products obtained along with the iodoform 
are so treated that a pait of them is also converted into 
iodoform. Other materials and processes are also em- 
ployed. If we use potassium hydroxide instead of the 
sodium carbonate, the principal reactions may be repre- 
sented thus : — 

CH3.CH2OH -f 4 12 -f 6 KOH = CHT3 + CHKO2 + 5K1 + 5 Hfi, 

Iodoform has an odor resembling saffron ; it is insoluble' 
in water, but soluble in alcohol. It is used in medicine 
and in surgery. It has an ansosthetic action, especially 
upon the muscles, even when applied locally. 

II. Oxygen Derivatives. 

215. Methyl Alcohol, or Wood Alcohol, GH3OH. — This 
compound is an important one both from a theoretical 
and from a practical standpoint. In the first place, it is a 
type of a number of alcohols, and bears the same relation 
to methane that any other primary alcohol does to the 
hydrocarbon from which it is derived. An alcohol is a 
hydroxide of a primary hydrocarbon obtained by replacing 
one atom of hydrogen by the radical hydroxyl, OH. Thus 
methane, CH4, or CH3H, yields methyl alcohol CH3OH. 

Methyl alcohol does not occur free in nature, but one of 
its salts, methyl salicylate, CH3C7H5O3, occurs ready formed 
in the oil of wintergreen, Gaultheria procumbens. 

The principal method of obtaining this alcohol is the 
recoveiy of the alcohol produced by the dry distillation of 
wood and of beet root vinasses. Other products, such as 
tarry substances and acetic acid, are obtained at the same 
time. These mixtures are first distilled, when what little 
methyl alcohol is present is found in the first portions of 
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the dbtillnte. The crude spirit is uext treated with quick- 
lime, caustic soda, aud a weak oxidizing reagent in order 
to desti'oy some of the accoiiipanyiiig impurities. Next il 
is subjected to a systematic course of fractional distillation 
(see Ai't. 225), when the wood alcohol of commerce is 
obtained. 

In order to obtain pure methyl alcohol, the commercial 
article is treated with oxalic acid, which produces the solid 
substance methyl oxalate, (CHs)jCjOi. This compound 
whea treated with water yields the pui'C spirit aud oxalic 
acid. 

Methyl alcohol can be built up by synthetical reactions, 
but these arc of scientific interest only. 

ThLs alcohol is a mobile liquid of a pleasant, vinous odor, 
and it finds employment for many mechanieid purposes, aud 
for preparing the aniUue colors. 

216. Methyl Ether, (^CH,)^. — This com[>ound is also a 
type of an important class of sulratances, the ethers. A 
simple ether is really an oxide of an unsaturated I'adical, 
such as raetliyl, CHj; ethyl, C^IU; etc. These ethers 
may be considered as derived from alcohols by replacing 
the hydrogen of hydraxyl by the alcohol radical. Thus 
from methyl alcohol, CHg— 0~-H, we get methyl ether, 
CH,-0-CH,. 

In practice, methyl ether is obtained by .icting on methyl 
alcohol by strong sulphuric acid. A mixture of tliese sul> 
stances is made of the specific gravity 1.29. This mixtwe 
is heated from 125° to 128°, aud never above 130°, when 
the ether is regularly given off. The jwocess is made con- 
tinuous by adding enough of tlie alcohol from time to 
time to bring Uiu mixture back to Ihu rL^quirud specific 
gmvity. 
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Methyl ether is a gas having a pleasant odor. It is con- 
densed to a liquid by means of pressure, and used in large 
quantities for refrigerating purposes. 

217. Methyl Aldehyde, or Formic Aldehyde, CH^O. — This 
substance is also typical of a class of compounds yielded 
by each hydrocarbon. An aldehyde is obtained by gently 
oxidizing an alcohol. When vapors of methyl alcohol and 
air are brought in contact with a glowing platinum spiral, 
the following reaction occui-s : — 

CH3OH + = CH2O -f H2O. 

Methyl aldehyde has a peculiar and penetrating odor. 
It has been prepared in dilute solutions only. 

218. Formic Acid, GHA. — When the oxidation of me- 
thyl alcohol is carried farther than in the case of methyl 
aldehyde, two atoms of hydrogen are withdrawn from each 
molecule of the alcohol, and formic acid is produced : — 

CH3OH + 20 = ClI A + H2O. 

Each primary alcohol has a corresponding acid. 

This acid occurs ready formed in the bodies of red ants, 
in stinging nettles, in tamarinds, and in the shoots of vari- 
ous pines. 

It may be prepared in many ways as by the distillation 
and oxidation of various organic substances. But it is now 
principally obtained by heating oxalic acid : — 

C^H/)^ = CK^O^ + CO2. 

In practice, the acid is mixed with anhydrous glycerine, 
and the details are so arranged that the process becomes 
continuous. The reactions are somewhat complicated. 

This acid is a colorless liquid which emits fumes of a 
penetrating acid odor. It acts so violently on the skin 
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r that one or two drops produce extreme pain and leave 
|>ainful white blistere. With the metals it forms a serins 

I of salts, the formates, in which it plays the part of an ordi- 
nary monobasic acid. 

I III. Nitrogen Derivatives. 

1. Substituted Ammoniax, or Amines. 

219. The Uethylamines. — A mmonia can he made to give 
lip one, tw'), or tliree of its hydi-ogen atoms and take iu 
place thereof one, two, or tliree unsatui'ated liydrooarbon 
radicals. Thua we have ammonia, NH^; methylamine, 
NHjCHa"; dimethylamiue, NHCCH^),; and trimethylar 
mine, N(CH3)3. These compounds are cilled amines, and 
many such are known corresponding to other radicals 
besides methyl. 

The amines have a strong ammoniacal smell which is 
usually accompanied by a fisliy odor. Like ammonia they 
unite with acids witliout replacing the hydrogen of the 
acids. Tlius : NiraClI, + HCl = NH,CHa. HCl, or methyl- 
amine liydrochloride. 

The metliylamijieH occur in small quantities in nature. 
Tliey are all produced by the distillation of wood, 

Methylamine, NlljCfla, occurs in herring brine. Dimeth- 
ylamiue, NH(CH,i")„ occurs in Peruvian guivnn. Trimeth- 
ylamine, NfCHaJj, occurs quite widely distributed. It is 
found in various plants, and in the bloom of tlie pear, 
wild-cheriy, and hawthora. It also occurs in lierring 
brine. It is now prepared iu large quantities by distill- 
ing beet root vinasses. It is employed for manufacturing 

1 The liypotlietEcal railical, NH„ la often callud miM-igeii, and Uie 
oompoanda in wUiuh Ic uccuih arc tuiiued the toiii'iJu-cuinpoiuicls. 
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potassium carbonate, just as ammonia is used for making 
sodium carbonate. The methylamines can be prepared by 
synthetic processes which are of minor interest to the 
beginner. 

2. The CyanO'Derivatives. 

220. Cyanogen, GN, and Hydrocyanic Acid, HCS', have 
been noticed under Arts. 87 and 88. The hydrocarbon 
radicals unite with hydrocyanic acid to form the cyanides 
or Nitrih ; e,g, methyl cyanide or aceto-nitril, CH3CN. 
There is another class of compounds isomeric with the 
cyanides which have received the distinguishing names of 
the laocyanides or the Carhaminea ; e.g. methyl carbamine, 
CH3NC. 

There is also a hypothetical cyanic acid, CNOH, which 
gives rise to the cyanates and an isomeric acid yielding the 
isocyanates, or, as they are. frequently called, the Carha- 
mides or the Carhonylami7ies. 

Ammonium cyanate, NH4NCO, is of interest, since when 
heated it undergoes a rearrangement of its atoms, and is 
converted into Urea or Carbamide, This substance is a 
white solid occurring in many animal fluids. It is the 
first so-called organic compound prepared by synthesis. 

There is a remarkable tendency among the cyanogen 
compounds to polymerize, in consequence of which the 
number of these compounds is very great. Thus we have 
H3C3N3, a solid called trihydrocyanic acid, a polymer of 
HON, hydrocyanic acid. Again, cyanic acid has the 
polymer, cyanuric acid, CgNgOsHs. 

3. TJie Nitro-Derivatives, 

221. Nitro-Methane, CHyNOo. — The radical NO2 unites 
with methyl, etliyl, etc., to form the nitro-compomids. 
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Nitro-me thane ia to be had by a variety of I'eactions, e.g. 
by the actiuu of methyl iodide on silver nitrite : — 
CH3I + AgNO, = CH,NO, + Agl. 

It is a heavy liquid having a characteristic odor. When 
heated witii fuming sulphuric acid, carbon monoxide and 
Hydroxylamine are produced : — 

CH^O, = NHjOH + CO. 

It acta like a weak acid in uniting with bases to forn; 
salts. These salts are violently explosive. 

The radical NO can displace liydi'ogen from the hydro- 
carbona to form tlie Nitroso and the Isonitroso compounds, 
yulminic acid, CjNaOjHj, forms, as an example of the iso- 
nitroso compounds, CaN,OaIIg, which ia commonly called 
fulminating mercmy. A misture of this salt and potas- 
sium nitrate is used as the fulminating powder in gun- 
caps. Fulminating mercury ia prepared by dissolving 
mercury in strong nitric acid; then alcohol is added to 
the solution. 

»IV. Derivatives ■with Sulphur, Arsenic, 
Phosphorus, etc, 

232. The Mercaptana, FhospMues. Arsines, and Stibines. 

— With hydrogen sulphide, mtithyl. ethyl, ett;., form a 
class of compounds called the mercaptans. Methyl mer- 
captan, CIHySII, is obtained by treating potassium acid 
sulphide with methyl iodide : — 

CH5I -I- HK8 = CH,SH -f KT. 
'ethyl mercaptan is a liquid of an extremely disagree- 
>le odor. All the mereaptana likewise are rt isagi-c cable - 
smelling compounds. 
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Both hydrogen atoms in hydrogen sulphide may be re- 
placed by hydrocarbon radicals, thus giving rise to a class 
of compounds that are comparable to the ethers. Thus 
we have methyl sulphide, (0113)28'; ethyl sulphide, 
(€2115)28 ; etc. These compounds are liquids of disagree- 
able odors. 

By the oxidation of a mercaptan, an acid called a Sul- 
phonic Acid is obtained. Methyl sulphonic acid, CH3HSO3, 
and ethyl sulphonic acid, C2H5II8O3, will serve as exam- 
ples. These acids may be regarded as derived from sul- 
phuric acid by replacing one hydroxyl by a radical. Thus, 
OHH8O3, sulphuric acid, gives CH3H8O3, methyl sul- 
phonic acid. 

The sulphonic acids form salts with bases. As an ex- 
ample, methyl potassium sulphonate, CH3K8O3, may be 
cited. 

Phosphine, PII3, Arsine, ASH3, and 8tibine, SbHg, may 
have one or more of their hydrogens replaced by a hydro- 
carbon radical to form the PJioHpldnes^ Arslnes, and the 
Stihines, The arsine compounds are often called the 
Cacodyl compounds on account of their evil odors. 

SuG. Student, write and name the methyl phosphines, arsines, and 
stibines. 

V. Metallic Derivatives. 

223. A few of the metals combine with the hydrocarbon 
radicals to form liquid compounds that are mostly vola- 
tile. Lead, tin, mercury, aluminum, and zinc are among 
the metals forming such compounds. Zinc methyl, 
Zn(CH3)L), and zinc ethyl, Zn (00115)2, will serve as exam- 
ples in which it will appear that the usual laws of valence 
hold good. There are a few exceptional compounds of 
little importance. 
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r The list of the metliyl compounds considered in the 

I preceding paragraphs is by no means exhuustive ; but a, 
sufficient number has been given to show the general 
cliamcteriBtics of tlie methane derivatives. Since the 
darivatives of tlie otlier [laraliin liydrocarbons ari'ange 
themselves in similar groujia, we may next proceed to 
the ethane derivatives, neglecting all but those of the 
most importance. 

I ETHANE AND ITS DEHrVATIVBS. 

224. Ethane, C^ — Ethane is a colorless, odorless gOB 
that bums with a faintly luminous flame. It occurs dis- 
solved in petittleum, and mixed with the gases issuing 
from gas-wells. 

It can be prepared in many ways, one of which has been 
mentioned. When potassium acetate is subjected to elec- 
trolysis in suitable apparatus, ethane is produced together 
with some other substances that may be removed by wash- 
ing through bulbs containing potassium hydroxide and 
sulphuric acid. It is also easily prepared by treating 
mercuric ethyl with sulphuric acid: — 

2 HgCCJl,): -I- HjSO, = 2 CJI( -I- (C,H,Hg),RO,. 

Ethane has no practical application in the arts, and 
since its halogen derivatives resemble those of methane, 
we may proceed immediately to the 
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Ethyl Alcohol, C^iOH or 0^0. — This alcohol is 
le best known of all the alcohols. It is usually called 
uply " alcohol " or spirits of wine. It occurs in nature 
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widely distributetl ihioughout tlie vegetable kingdom, butj 
in small quantities. 

Owing to the euoi-moua quantities consumed in different 
ways its artificial production is now oue of the industrif 
of the age. It can Ije Imilt up .synthetically, but M 
commerce it is always [iroduced by the action of fermentsl 
on such substances as starch and the sugais. 

ExF. 1)4. Place iu a large bottle about 1' of a dilute| 
solution of grajie sugar or of uiolaaseB. Add a little baker'H 
yeast and fit a cork carrying a bent deli very -tube which diptj 
down into a test-tube coutaining a solution of calcium hydro3t-J 
ide. Place tlie buttle in a luuilyrately warm place and allow itT 




FiQ. 35. 



to stand until carbon dioxide ceases to come off (note the cal- 
cium hydroxide solution from time to time). When fermen- 
tation has ceased, place the contents of the bottle in tlie 
distilling-flask of an apparatus arranged as in Fig. 35. Distil 
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until about 100" of the cUatillate ia collected in 1 
The reaction for caue sugar is : — 

Test the distillate for alcohol by the odor aud by the iodoform 
reaction thus : Warm a small portion of the liquid iu a test- 
tube, aud add a few crystals of iodine. Tlien add sufficient 
potassium hydroxide to decolorine the solution. Now allow the 
contents of the tube to cool, when yellow crystals of iodoform 
will be deposited. 

In order to obtain the alcohol in a state of greater purity, 
the distillate may be ti-eat«d by a process termed Frac- 
tional Distillation. 

Exp. 95. Place the distillate just obtained in a smaller 
flask and connect it to the same condensing apparatus used 
before. Maintain a temperature by means of the thermometer 
B of about 80° to 90°, until half the liquid has distilled oyer. 
Reject what remains in the flask, return the distillate to the 
flask, and distd off about one-half once more. Now note that 
the distillate is stronger in alcohol than any portion previ- 
ously obtained. 

This process is much employed in sejiarating liquids 
which boil at different temperatures. 

In the commercial pi-eparation of alcohol, grains, fruits, 
potatoes, and rice are employed. After the substance em- 
ployed has fermented, the alcohol is separated, to a, great 
extent, from its accompanying impurities in its water solu- 
tion in huge stills which are so arranged that the water is 
mostly condensed and allowed to flow back while the alco- 
holic vapors pajis on and are condensed in other portions 
of the apparatus. But the commercial alcohol thus ob- 
tained is not pure. It contains some water and a mixture 
of the higher alcohols wbirh is termed fusel oil. These 
oaa be further removed by fi-actiouation and by tiltering 
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through boneblack. Some water still remains, which is 
mostly removed by treatment with quicklime or other 
hygroscopic agents, after which it is again distilled. Fi- 
nally the insignificant portion of water that still remains is 
removed by means of metallic sodium, and a final distilla- 
tion. In this way Absolute Alcohol is prepared. 

Ethyl alcohol is the intoxicating principle found in such 
beverages as whiskey, brandy, gin, rum, wine, beer, and 
cider. These substances vary in their alcoholic content 
and in other respects. While there is no uniformity, the 
fii^t four contain from 25 to 60 or even 55 per cent, and 
the last three from 5 to 20 per cent of alcohol. The dif- 
ferences of taste and odor are due to the materials from 
which they are prepared. It seems that each substance 
gives rise to certain peculiar ethereal essences and other 
ingredients which imparts to the liquor manufactured 
from it a distinctive flavor. 

Ex. State from what substances each of the beverages just mentioned 
is produced. 

Pure alcohol is a limpid liquid of a pleasant and slightly 
ethereal odor. It mixes with water with great avidity in 
all proportions. It boils at 78.3° and has been frozen at 
- 130.6°. 

Ex. Name the uses of commercial alcohol. 

It has been stated that, corresponding to. each primary 
hydrocarbon, there is, in theory at least, a primary alcohol. 
A list of these primary alcohols, so far as known, for the 
paraffin series, is given in Art. 228. 

But if we begin with propyl alcohol, CaHgO, there are 
some isomeric alcohols, called secondary alcohols, in addi- 
tion to the primary alcohols, for some of the remaining 
paraffin hydrocarbons. These isomers may be considered 
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s derived from methyl alcoliol liy the replacement of two 
hydixjgeua by an alcohol in.tlical. Thus, if we represent 

f " 
methyl alcohol by *^ ] i, ' ^^^ t^^^" represent aeconilaiy 



propj'l alcohol by C j '. Also, if we call methyl alco- 

luil 
hnl by the name "carbinol" as has been proposed, we 
can name aecondaiy propyl alcohol "dimethyl carbinol." 
The following list gives the secondary alcohols of the 
paraffins : — 

List of Secondary Alcohols. 

Ballini-.DninL 

Secondary propyl alcohol i ' a 

or ( 

Dimethyl carbinol 

Secondary butyl iilcohol 

Methyl-ethyl-carl>iiioi J 

indary amyl alculiol I 

!ethy I-propy l-carbi n ol 

iary hexyl alciihul 

or '■ ( 

Methy 1-buty 1-carhi nol 

lOnJary octyl alcohol ^ t? 

!-C,U,.0_G -I '■•,?■-. 
■Methyl-hexyl-fiiHiiiifil 



Seco 



■ C,H,.0 = 



LOH 

rcii, 

I C.II. 
t-OH 

rCH, 



H 

I. OH 
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Beginning with butyl alcohol there is, in addition to the 
two classes of alcohols already described, a third class, 
called tertiary alcohols, made by replacing three hydro- 
gens from methyl alcohol, with alcohol radicals. 



^• 



List of Tertiary Alcohols. 
Tertiary butyl alcohol 



Boiling-point 



or ^ C^HioO = C ^ JJ^'^' . 82°. 

Trimethyl-carbinol 

Tertiary amyl alcohol 1 ( {QK^^ 

or \ C5H12O = C \ C,H, . . 100^ 

Dimethyl-ethyl-carbinol J I OH 

Tertiary hexyl alcohol 1 ( (^113)2 

or \ CcHuO = C \ C3H7 . 120°. 

Dimethyl-propyl-carbiuol J I OH 

Methyl-diethyl methane ^ ( CH3 

or > CeHnO = C \ (CaH,)^ . 115°. 

Methyl-diethyl-carbinol J I OH 



Tertiary heptyl alcohol ^ { rnTX \ 

Triethyl carbinol J L 

Tertiary octyl alcohol "1 f (C2H5)2 

or • V C«Hi80 = C \ C3H, — 

Diethyl-propyl-carbinol J L OH 

226. Ethyl Ether, (C2H5)20. — This is commonly known 
simply as ''ether." It is the best known of any of the 
substances in the class to which it belongs. Ether is pre- 
pared for commerce by the action of sulphuric acid on 
ethyl alcohol. 

Exp. 96. Fit a flask with a cork containing three holes. 
In one hole place a delivery-tube, in the second a thermometer, 
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and in the third a funnul-tulie. VUcu in the flask a mixture 
of alcohol (90 per cent), five parts, and coniientrated sulphuric 
acid, nine parts. Insert the cork, allowing the thermometer 
and the tunnel-tubo to dip below the liquid, !Nbw join the 
deli very -tube to a condenser, and heat the uiisture up to the 
boiling-point, which should be about 140°. Allow alcohol tc 
enter the funnel-tube, drop by di-op, while the liquid is boiling. 
When ahout 25™ of distillate have collected in the condenser, 
the operation may be brought to a cloae. Place the distillate 
in a large test-tube, add water, and shake. Note the layer of 
ether which collects above the water. Note its odor, and be 
cjtreful not to bring it near a flame. Pour a few drops on the 
hantl, and allow it to evaporate. 

The reactions take place in two stages. At firet ethyl 
sulphuric acid is formed : — 

CjH,OH + HjSO, = CjHsHSO, -f- H,0. 
Then anotlier molecule of alcoliwl and this ethyl snlphuric 
acid react to form ether and sulphuric acid : — 

C^HiHSO, + C,H,OH = (C,H,},0 -J- H;50.. 
This sulphuric acid ia uow ready to act upon another mol- 
ecule of alcohol to form ethyl sulphuric acid again, whicli 
in turn may once more react with another molecule of 
alcohol to form more ether. Thus the process becomes 
continuous, and, in theory, a small quantity of sulphuric 
acid may form an unlimited amount of ether ; but in 
practice, the acid after a while becomes too dilute, and 
the reaction ceases. 

Ether is an extremely mobile, inflammable liquid, 
which boils at 34.9°, and at 0° has a specific gravity of 
0.73568. 

Ether has many uses. In the laboratory and in the avt^ 
and manufactures it is used as a solvent. It ia also used 
in niauufactui'ing ice ; and in medicine it ia used as an 
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anaesthetic. Its action upon the system is similar to that 
of laughing-gas. 

227. Ethyl Aldehyde, C2H4O. — This substance is also 
known as acetaldehyde, since by further oxidation it 
passes into acetic acid. It is a liquid which has a 
peculiar ethereal, but suflfocating odor. When inhaled 
in quantities, it acts violently upon the system. 

Exp. 97. To a solution of potassium bichromate, in a test- 
tube, add sulphuric acid until the solution becomes dark red. 
Then add a small quantity of alcohol. Note the odor, which is 
that of " aldehyde," as the ethyl aldehyde is commonly called. 

Aldehyde is used in the arts for the preparation of alde- 
hyde green, one of the so-called aniline colors. Commer- 
cial aldehyde is a by-product obtained in the manufacture 
of alcohol. 

Aldehyde is capable of yielding substitution products, 
one of which is known as Chloral^ CgHClgO. Chloral may 
be regarded as aldehyde in which three atoms of hydrogen 
have been displaced by chlorine. It is a colorless liquid, 
which unites with water to form the valuable medicine, 
Chloral Hydrate^ C2HCI3O.H2O. In practice, chloral is 
obtained by treating absolute alcohol with chlorine for 
six or eight weeks, after which the solution is kept in 
contact with sulphuric acid until the chloral separates out. 
After purification, the requisite amount of water is added 
to produce the hydrate. This hydrate is used as an anaes- 
thetic and an hypnotic. 

228. Acetic Acid, C2H4O2 or HC2H3O2. — Acetic acid is one 
of the most valuable of the organic acids. In weak and 
impure solutions it is known as Vinegar. When fruit 
juices, such as those of the apple and grape, are kept at 
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the proper temperature, alcoholic fennentatiou first sets in. 
The weak Bolutioii of idcohol tliua obtained, under the 
proper eoiiditious uudei'goes another kind of fermentation, 
known aa acetous fermentation. This latter action is due 
to the presence of a microHcopic organism, Mi/coderma aceti, 
commonly called " mother of vinegar," Hence it appears 
that the acetic acid of vinegar 
is really an oxidation product 
of alcohol. Vijiegar is now pre- 
pared, on the large scale, by 
allowing weak alcoholic solu- 
tions to trickle slowly thi'ough 
wooden casks filled with shav- 
ings. The rapidity of the action 
is greater when some mother of 
vinegar is present. 

The source o£ the piu-e acetic 
acid used in tlie laboratory is ""' ""' 

the crude acetic or pyi'oligneous acid obtained in distill- 
ing wood. A metallic salt of acetic acid is fii-st prepared 
and purified. TIkhi this salt is treated witli sulphuric acid, 
and distilled. The acetic acid thus obtained is freed from 
water by distillation, thus giving Glacial Acntic Avid. 

Acetic acid is a stable monobasic acid which yields a 
vrell-kn own series of salts, — the acetates. It also yields 
a series of substitution products. Thus acetyl chloride, 
CjHaOCl, is used as a reagent in the laboratory. 

When an acetate is subjected to distillation, a substance 
knovni as Acettnie, CsHjO, is obtained :^ — ■ 

Ca(0jH4(.),),= C,H.O + CaCO,, 

Acetone is a substance closely allied to aldehyde, and is a 
representative of a class of compounds called the Kftone«. 
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We have now studied raetbyl and ethyl alcohols, and 
formic and acetic acids. These are the most important 
substances of their classes, derived from the paraffins, and 
space forbids notice of tKe less important compounds of a 
similar nature. But the following table gives a list of the 
primary alcohols of the methane series, together with their 
corresponding acids : — 



Primary Alcohols 
General formula 



iCOHOLS, 1 

, C„H2n j-20, J 



yield 






Fatty Acids,^ 



I General formula, CnH2»02. 



Name. 



Methyl . 
Ethyl . . 
Propyl . 
Butyl . . 
Amyl . . 
Hexyl. . 
Heptyl . 
Octyl . . 
Nonyl . . 
Decatyl . 
Ilendecatyl 
Dodecatyl 
Cetyl . . . 



Ceryl . . 
Myricyl . 



Formula. 



C H^O 
C, Hg O 

CgHgO 

C, H,oO 
C5 H,,0 
Ce H,,0 
C, H,^0 
Cg HjgO 
C, H^O 

C11H240 

^12^^26^ 



^30^^62^ 



Boiling. 
Point. 



66OC. 

780.4 

96° 
109° 
132° 
160° 
164° 
196° 

212° 



49.5° 2 



79° 2 
85° 2 



Name. 


Formula. 


Formic. . . 


C H,0, 


Acetic . . . 


C2 H^ O2 


Propionic . 


C,U^O, 


Butyric . . 


C4 Hg 0, 


Valeric. . . 


^5 ^10^2 


Caproic . . 


Cg H,.P2 


CEnanthylic 


C7 H1402 


Caprylic . . 


Cg H,gO.^ 


Pelargonic . 


^9 ^18^2 


Capric . . . 


^10^20^2 


Laurie . . . 


^12^24^2 


Myristic . . 


C14H28O2 


Palmitic . . 


^16^32^2 


Margaric. . 


^17^3*02 


Stearic . . . 


^18^36^2 


Arachidic . 


^20*^40^2 


Behenic . . 


C22H44O2 


Hyaenic . . 


^25^50^2 


Cerotic . . . 


C27H54O2 


Melissic . . 


^30^^60^2 



Boiling. 
Point. 



100° 
118° 
140° 
162° 
174° 
199° 
219° 
236° 
254° 



Melting. 
Point. 



1° 
17° 
—20° 8 



6° 

16° 

18° 

30° 

43.6° 

53.8° 

62° 

69.2° 

75° 
76° 
77° 
78° 
88° 



1 So called because some of them occur in fats. 

2 Melting-points. s Below. 



r 
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Some of the acids given in the foregoing table occur in 
well-tnown substances. Butyric acid occurs in butter. 
Palmitic acid occurs in many fatty compounds, such as 
palm oil, olive oil, and cocoanut oil. Stearic acid occurs 
in such solid fats as mutton and beef tallow. These acids 
are combined in their natural fats, as palmatin and stearin, 
with an alcohol of the formula, CaHsOj, commonly called 
glycerine. Melissio acid occura in beeswax. 

229. Soap. — Exp. 98. Melt 35« of cocoauut or cotton-seed 
oil with 18" of good tallow in a large evaporating-diah or tin 
basiu. Then add a solution of 16.5" of potassium hydroxide 
dissolved in 40" of water. Heat the aubatanees eatefuliy, 
when a chemical reaction termed ■Saponification, will soon ensue. 
The heat must now be quickly removed, to prevent boiling 
over. When the action ceases, apply heat again, Eind boil 
gently for about fifteen minutes. Now add about 10" of com- 
mon salt, and cook for thirty minutes. 

Separate the soap as completely as possible from any "spent 
lye " that may be iu the bottom of the dish, and place the soap 
in a shallow tin or pasteboard box to cool. Test the properties 
of the soap for cleansing and for making a lather. 

When natural fats consisting of palmatin, stearin, and 
olein- — ^a compound fo'.ind in many liquid oils, and con- 
taining oleic acid, C,jHj,Oj — are heated with an alkali, 
glycerine is set free, and the fatty acids unite with the 
metal of the alkali to form salts. These salts constitute 
what we call soap. 

Soajis may be distinguished as hard and soft soaps, 
depending upon the -fats and the alkalies which enter 
into their compn.sition. The soft soaps usually contain 
cheap oils, sucli as 'ard, fish oil, and house sunii>s (usually 
called soap grease^- 
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Frequently wood ashes are leached and the potash lye 
thus obtained is boiled with soap grease, to make soft soap. 
Cocoanut oil, olive oil, and tallow make the best hard 
soaps. They are usually combined with caustic soda. 

When soap is brought in contact with hard water, a 
curd is formed which consists of insoluble calcium, pal- 
mate, stearate, and oleate. 

230. Ethyl Nitrite, C2H5NO2. — It is not necessary to notice 
the remaining derivatives of ethane. But there is one 
among the nitrogen derivatives, ethyl nitrite, that is an 
article of commerce. This substance may be obtained by 
adding potassium nitrite to ethyl sulphuric acid : — 

C2H5HSO4 + KNO2 = C2H5NO2 + HKSO4. 

A solution of ethyl nitrite in alcohol is sold in drug stores 
as sweet spirit of nitre, or spiritus cetheria nitrosL It is 
used as a mild irritant ; its action on the kidneys is also 
well known. 




A FEW DERIVATIVES OF THE ETHYLENE SERIES AND OF 
THE ACETYLENE SERIES. 



I. THE OLEFINi: DERIVATIVES. 

231. Ethylene, C2H4. — This important gas has already- 
been mentioned us forming the most important constitu- 
ent of illumiuating gas produced by the cliatillation of coal. 
In this connection it is of interest since it is the lowest 
member of the olefine series. The membera of this series 
belong to that class of compounds called unsatui-ated com- 
pounds. They form addition products in which they aet 
like bivalent radicals. The alcohols, often called Glycoh, 
and the acids are the most important of the olefine derivar 
tives. The alcohols of this series yield two classes of acids. 
In the first class, the Laotie Acid Serie», the acids ai-e mono- 
basic, and tiiey are derived from their corresponding alco- 
hols by displacing two atoms of hydrogen and taking up 
one atom of oxygen. In the second, or Oxalic Acid Series, 
the acids are dibasic and are derived from their correspond- 
ing alcohols by the displacement of four atoms of hydrogen 
and the addition of two atoms of oxygen. Among these 
acids are found some of the beat known of the organic 
acids. They occur quite widely distributed in nature. 
They foim well-defined series of salts with the metals, 
some of which are of frequent and extended use. 

The following table will show the relations l)etween the 
oletiue aliioliols and their acids : — 
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Hydro- 
carbons. 


Alcohols, or Glycols. 


Acids (Monobasic). 


Acids (Dibasic). 


C2H4 

CgHg 

C^Hg 


Ethylene, C^H.COH)^ 
Propylene, CaHgCOH)^ 
Butylene, C^HyCOH).^ 
Amylene, C,H,,((m), 
Hexylene, CgHj^COH)^ 


Glycollic, C^H^Oj 
Lactic, CgHgUj 
Butylactic, C4H8O3 
Valerolactic, C5H10O3 
Leucic, CgHigOj 


Oxalic, CjHjO^ 
Malonic, CjH^O^ 
Succinic, C^H^O^ 
Pyrotartaric, Cfifii 
Adipic, CgHjoO^ 



232. Lactic Acid, CsHgOs. — Lactic acid occurs in sour 
milk, where it is produced by the action of a lactic acid 
ferment, Penicillum glaucum^ on the sugar of milk. It 
also occurs in the juices of vegetables that have turned 
sour. It has not been prepared in the anhydrous condi- 
tion. It forms a series of salts with the metals that are 
almost all uncrystallizable and very deliquescent. Lactic 
acid has two isomers. 



233. Oxalic Acid, G2H2O4. — This acid occurs as the acid 
potassium salt in plants belonging to the species known as 
Oxalis and in other plants. 

It can be prepared in a variety of ways, but it is now 
prepared for commerce by heating pine sawdust with caus- 
tic potash. Usually a mixture of caustic soda and caustic 
potash is employed instead of the caustic potash alone. 
The fused mass is treated with water, when all but the 
sodium oxalate dissolves. This salt is ignited and then 
treated with lime-water, whereupon insoluble calcium ox- 
alate and caustic soda are obtained. From the calcium 
oxalate, oxalic acid is liberated by means of sulphuric acid, 
which gives insoluble calcium sulphate and free oxalic 
acid. From the acid thus obtained in solution, crystals 
of oxalic acid are secured by concentration and crystalli- 
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zatioti. The caustic alkalies are regained and used to act. 
upon more sawdust. 

Oxalic acid is readily soluble in water and in alcohol, 
and upon the system it acts as a poison when taken 
in large doses. It forms, with the metals, a series of 
salts, the oxalates, that are used in a variety of ways. 
Both the acid and its salts possess bleaching properties, 
and some of the salts serve as useful reagents in the 
laboratory. 

234. Saccinic Acid, C,HgOi- — Succinic acid occurs in 
amber in certain lignites and in fossil wood. It also 
occurs in such plants as lettuce and wormwood. It is 
also one of the products of alcoholic and acetic acid fer- 
mentation. 

Commercial succinic acid is prepared by distilling amber 
and by the feimentation of calcium malate and of tartaric 
acid. 

235. Halic Acid, C,Hg0.v — This acid occurs in the juices 
of fruits, like apples, pears, gooseberries, raspljeri'ies, and 
currants. It can best be prepared from mountsiin-ash ber- 
ries or from the stems and leaves of garden rhubarb. The 
juice is expressed and ti-eated with milk of linie, when in- 
soluble calcium malate is obtained. This salt is purified, 
aud then decomposed by means of sulphuric acid. This 
gives insoluble calcium sulphate and malic acid. 

By com]iaring the formula of tliis acid with that of suc- 
cinic acid, it will appear that malic acid simply has one 
atom more of oxygen than succinic acid. Hence malic 
acid is often called ory-wnce'inic acid. 

236. Tartaric Acid, C3„0u. — This iii'id occurs widely 
distributed in iiiitiiir. it ncciiry bnlh in llie free stati; 
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and in the form of salts in many fruits along with malic 
acid. Hydrogen potassium tartrate occurs plentifully 
in the juice of grapes, from which it is deposited along with 
the calcium salt during the fermentation of grape juice in 
the manufacture of wine. The crude salts thus obtained 
are called " Argols " and are employed in assaying. 

Tartaric acid crystallizes in large transparent prisms, 
soluble in alcohol and in water. This acid finds many 
uses in the arts, while the hydrogen potassium salt, 
KHC4H4O6, often called cream of tartar, is extensively 
employed in the manufacture of baking-powder. For 
this purpose this salt is mixed with acid sodium carbonate, 
and a certain quantity of starch is added as a " filler " to 
prevent chemical reaction between the other ingredi- 
ents while in a dry state. This tartrate finds other uses, 
as in medicine, in silvering, in soldering, and in dye- 
ing. Tartar emetic has been mentioned under antimony, 
Art. 137. 

Tartaric acid has two atoms of oxygen more than suc- 
cinic acid, whence the name Dioxy-succinic acid which it 
often bears. The acids of the olefines each have two or 
more isomers which are sometimes distinguished by their 
action on polarized light. One may rotate the plane of 
polarization to the right, another to the left, while perhaps 
a third will be optically inactive. 

237. Citric Acid. — This acid belongs to a class of 
compounds called hydroxy acids, since it contains a 
hydroxyl group, as appears from the rational formula, 
C3H3(OH)(C02H)3. It is a tribasic acid, yielding both 
acid and normal salts. 

It occurs widely distributed in nature like malic and tar- 
taric acids. It is obtained for commerce from lemon juice. 
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The Juice is allowed to ferment, lime is added, aud the 
calcium citrate tliua obtained is then purified, and after- 
wards treated with sulphuric acid. 

It is also found in the orange, cranberry, and whortle- 
berry. With about an equal quantity of malic acid it 
occurs in the currant, gooseberry, strawberry, cherry, and 
raspberry, and berries of the mountain-ash. 

This acid is much used in preparing lemonade and other 
cooling drinks. It also is used in medicine, in calico- 
printing, and in dyeing. Of its salts, magnesium citmte, 
Mgi(Ci,iiiOj)t -\- 14 HaO, made by dissolving magnesia, 
MgO, in citric acid, is used in medicine as a mild pur- 
gative. Effervescing citrate of magnesia is made by add- 
ing to this salt citric aciti, acid sodium carbonate, and 
sugar. The whole is then moistened with alcohol and 
afterwards di-ied. 

238, Glycerine, Glycerol, or Propenyl Alcohol, CsHj(OH), 

— Glycerine, a-s will ajipt^iii' from its foimula. is a triad alco- 
hol containing three hydroxyls. This is the best-known 
compound of its class. In comparing with propylene, 
CgH,. it appoaiB that not only are the two combining 
equivalents of propylene satisfied with hydroxy Is, but 
also one hydrogen is replaced by a hydroxyl. 

Glycerine, as already mentioned, occurs in most of the 
fats fi-om which it can be separated by saponification. It 
can also be isolated by treating the natural fats with super- 
heated steam ; and it is in this way that a larger part of 
the glycerine of commerce is prepared. 

Glycerine is a syrupy, odorless liquid of a sweetish, 
pleasant taste. It is readily soluble in alcohol and in 
water, but insoluble in ether and chloroform. It is much 
used ill jiJiarmaceutical preparations, fur manufactuiiug 
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copying-ink, for "improving" liquors, and, owing to the 
ease of its digestibility, for a food. 

But perhaps the largest consumption of glycerine is for 
the manufacture of the powerful, high-grade, explosive 
nitro-glycerine^ C3H6(N02)3. This compound is made by 
treating one part of glycerine with a mixture consisting 
of four parts of sulphuric acid and one part of nitric acid, 
at a low temperature. The nitro-glycerine separates out 
as an oily liquid, and it must be carefully freed from acids 
to prevent its decomposition, which is frequently accom- 
panied by terrific explosions. But at its best the liquid is 
not safe to handle. Consequently it is now mostly used 
in the form of dynamite or giant poivder. These substances 
are prepared by allowing absorbent substances like Kiesel- 
guhr, a siliceous kind of earth, to take up the liquid. In 
this form nitro-glycerine is much used in blasting. It is 
usually exploded by percussion. 

239. Oleic Acid, CigHg^Og. — This acid occurs in most of 
the liquid fats and many solid fats combined with glycer- 
ine. It is obtained in large quantities as a by-product 
in manufacturing stearin candles. A crude form of this 
acid containing other fatty acids may be ,had by dissolving 
castile soap in water, and then treating the solution with 
hydrochloric acid. 

n. ACETYLENE DERIVATIVES. 

240. Linoleic Acid, C16H28O24. — Acetylene has been men- 
tioned in Art. 82. Of the derivatives belonging to the 
acetylene series we shall notice but one or two. 

Linoleic acid occurs combined with glycerine as trilin- 
olein in linseed oil. It is to this compound that linseed 
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(flaxseed) oU owes its value as an iiigi'edient of paints. 
When a thin layer of linseed oil is exposed to the air, 
oxygen is taken up, and the glycerine is oxidized, leaving ' 
a gummy mass behind which is little acted upon by beat 
or moisture. For the same reasons linseed oil is much 
lUsed in the manufacture of varnishes. 



S41. Hannite, or Hanuitol, CuHs(OH)a.— Just as glycerine 
IS a triad alcohol, so is mnnnite a hexad alcohol. This suit- 
stance occurs in raanna, the dried sap of certain species of 
aah, as Fraxinux ornns and F. rotundifolia. It also occui"8 
in many other forms of vegetation, as in the roots of celery, 
in the sugar-cane, in olives, and in many fungus-like 
plants. 

The manna mentioned in the Bible contaijied no man- 
nite, but instead a kind of sugar. It was probably the 
dried sap of a sitecies of Taniarix. The manna mentioned 
as falling from heaven may have been a kind of lichen, 
SpcerothaUia egculenta, which is carried about by the ' 
winds. 

There ia an isomer of mannite which is called DidcUe. 
Both these substances possess a sweetish taste, and are 
more plosely related to the carl m hydrates of the next 
chapter than to any otlier class of compounds. 



CHAPTER XVIII. 



THE CARBOHYDRATES. 



242. Carbohydrates is a tenn applied to a class of carbon 
compouiuls containing hydrogen and oxygen in the same 
proportion as found in water. These substances seem to 
be closely allied to the hexad alcohols, but the exact rela- 
tions are not very clearly defined. 

For convenience of consideration the carbohydrates may 
be divided into three classes : — 

1. The Sucroses^ C^^iloz^^i^ embracing cane sugar, milk 
sugar, maltose, etc. 

2. The Glucoses^ CgHujOe, embracing grape sugar, levu- 
lose, etc. 

3. The Amyloses^ (CellioOs)^,* including starch, dex- 
trine, gums, cellulose, etc. 

These compounds are of the greatest importance. They 
occur widely distributed throughout the vegetable king- 
dom, and they play an important part in the noiu^ishment 
and growth of both plants and animals. The sucroses and 
glucoses are sweet to the taste and freely soluble in water. 
The amyloses are generally tasteless and insoluble in water. 
The first two classes are remarkable for their power of ro- 
tating the plane of polarized light. Cane sugar, milk sugar, 
maltose, and grape sugar rotate the plane to the right (+), 
while levulose rotates it to the left (— ). 

1 This formula indicates that the molecular formulas are not exactly 
determined. 
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Again, many of tliese compounds possess the property of 
reducing solutions of cupric salts to cuprous oxide. Upon 
the two properties last named tlie metiioda employed for 
the quantitative determination of the sugars are based. 
Thus cane sugar is determined by its dextro-rotary power, 
speciaUy constructed appamtus beiug employed, while 
glucose is estimated by its reducing effect on Fehling's 
solution, an alkaline solution of copper sulphate, Kouhelle 
salts, and sodium hydroxide. 

THE SnCROSES 

243. Sacrose, or Cane Sugar, C,^0|,. — This is the best 
known of all the sugars. It is of wide distribution, and is 
prepared for commerce in enormous quantities. The prin- 
cipal sources of cane sugar are the sugar beet, the sugar- 
cane, the sugar maple, and aoi'glium. Until recently the 
sugar-cane furnished the larger part of the sugar of com- 
merce; lint recent estimates uow accredit that honor to 
the sugar beet. The sugar beet contains from eight to 
twenty per cent of cane sugar and the sugar-cane from 
fourteen to twenty. In exceptional cases the percentages 
for lioth have Ijeen known to exceed twenty per cent. 

There have been many processes employed in manufac- 
turing sugar. The simplest of these is the one employed 
in making maple sugar. An incision is made in the tree, 
and just beneath is fastened a spile or spout which carries 
the sap into a trough or bucket placed at the foot of the 
tree. At intervals the sap is collectfld and carried to large 
kettles or pans that are frequently placed in the sugar 
forest at some convenient location. These kettles are often 
placed in the open air, and are heated by means of direc^t 
fires. Here the sap is evaporated, and any scum that rises 



210 THE SUCROSES. 

is simply skimmed off. When the sap reaches a syrupy 
consistence, it is removed from the large kettles, and the 
"sugaring off" is completed in smaller kettles, very fre- 
quently on the kitchen stove. In this latter process the 
concentration is carried on till the sugar will grain on 
cooling, when it is placed in pans or tins and allowed to 
cool. It is now ready for market. 

Of late many improvements have been introduced into 
the manufacture of sugar from sugar beets and sugar-cane. 
That known as the " diffusion process " is by all means the 
best. In this process the canes or beets are first cut into 
thin slices, or sometimes in the case of beets they are torn 
into shreds. Now by the judicious application of hot 
water the sugar diffuses through the cell walls of the 
plants, leaving behind most of the uncrystallizable im- 
purities. In order to accomplish this end, a series of 
from twelve to sixteen boiler-iron cylinders or " cells " 
are arranged in a circle to form what is termed a "bat- 
tery.'' 

These cells are first filled with the chips, and then 
a charge of hot water and steam is introduced into 
No. 1. From here the water is next forced into No. 2, 
and then into No. 3, and so on around. WJien the 
last cell is reached the water has taken up sugar from 
every cell until it is now a somewhat concentrated sugar 
solution. 

It will readily be understood that the chips in the first 
cell where the water was pure have lost more sugar than 
the chips in any of the succeeding cells ; also that as the 
water passed along from cell to cell it gradually took less 
and less sugar, so that the chips in the last cell were ex- 
hausted least of all. From the last cell the concentmted 
solution is run into a large liming-tank, and a fresh charge 
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of water is stai'ted iu again at No, 1 and passed around a& 
before. 

Other cihargea of water ai-e then introduced into No. 1 
and passed around until tha chips in that cell are ex- 
hausted. Then these chips are removed and freah ones 
ate introduced. Now the next charge of fresh water is 
started at No. 2, and finally taken out at No. 1. Then 
fresh cliips are jilaced in No, 2, and the next charge of 
water is started at No, 3 and taken out at No. 2 ; and thus 
the process is continued. 

When the liming-tank is filled, it is heated, and lime is 
added to remove impurities. From this tank the juice is 
passed into another, where the excess of lime is removed 
by means of carbon dioxide. If necessary, the juice is next 
filtered through boneblack filters, from wliicli it is passed 
into vacuum pans, where it is concentrated until the crys- 
taUizing-point is reached. The crystals are removed and 
dried in centrifugal driei-s. By further concentration a 
second and oven a tliird crop of crystals may be obtained, 
when nothing is left excepting uncrystallizable molaases. 
The molasses from beet sugar is much used for manufac- 
turing alcohol. 

Raw sugars from the cane and fi-om beets are usually 
sent to the refiners, where the remaining impui'ities are 
removed, and the sugar worked up in a variety of ways 
ready for the market. 

France and Germany now produce most of the beet 
sugars of the world. This industry now bids fair to 
become established in the United States, 

Cane-sugar crystals obtained by slow evaporation are 
large and ti'ansparent, but when the crystals are fonned 
rapidly, tliey are small, striated, and nearly opaque. Water 
at 45° dissolves nearly two and a half times its weight of 
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cane sugar. When fused at about 175° for some time, sugar 
is changed into a mixture of levulosan and dextrose : — 

When heated to higher temperatures a substance called 
Caramel is produced. When submitted to still higher tem- 
peratures, or when treated with concentrated sulphuric 
acid, sugar is decomposed, oxygen and hydrogen in the 
proportions found in water are removed, and carbon is 
left behind. 

Exp. 99. Dissolve 2^ or 3* of sugar in about the same 
quantity of water, and while the solution is warm slowly add 
concentrated sulphuric acid. Note the remaining carbon. 

When sugar in water solution is strongly heated or ex- 
posed to the action of dilute acids, or of certain other 
reagents, it is changed into "invert sugar," which is Isevo- 
rotary, and which consists of a mixture of equal parts of 
levulose and dextrose : — 

In alcoholic fermentation the ferment first changes the 
sugar into invert sugar, after which the conversion into 
alcohol proceeds by the further action of the ferment on 
the invert sugar. Cane sugar of itself is not fermentable. 

244. Milk Sugar, Lactose, CujHggOn. — Milk sugar is an 
isomer of cane sugar, which occurs in the milk of the 
Mammalia, and of which it constitutes about four per 
cent. This sugar is said to occur in but one plant, a 
tree, Sapota achraSy a' native of the West Indies. 

Commercial milk sugar is prepared from milk whey, 
which is simply concentrated and allowed to stand in a 
cool place until the sugar separates out in crystals. Some- 
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times the crystallization is aided by suspending ptriiigs in 
the whey. As found in commerce, milk sugar usually con- 
sists of elongated crystalline masses containing one equiv- 
alent of water. It is hard and gritty, and is not very 
sweet to the taste. It is employed in medicine. 

Wlien the sugar in milk ferments, it yielils lactic acid 
and alcohol. The lactic acid coagiilataa the albumen 
of the milk, and thus causes the milk to thicken. 

Maltose is also an isomer of cane sugar, which is pre- 
]»arod by the action of malt on starch. There are several 
■other isomeju of cane sugar which are of less impoi'tance. 



THE GLUCOSES. 

245. Orape Sugar, Dextrose, or Glucose, CgH^jOe. — Grape 

yugar ticcurs widely distrihiited in plants along mth equal 
parts of lovulosc, th(i two funning invert sugar. Some 
cane sugar is usually present at the same time. Grape 
sugar also occurs in honey, but it is most plentiful in the 
sweet juices of ripe fruits such as grapes, cherries, etc. 

This sugar is called dextrose, owing to its dextro-rotary 
action on polarized light. 

Under the name of Q-lucoge grape sugar is now manufac- 
tured in enormous quantities by heating starch with water 
containing from one to two per cent of sulphuric acid. 

Exp. 100. To 100" of water in a flask add 1™ of sulphurie 
acid, and boil. Slowly add to the contents of the flask, withoiit 
checking the boiling, 10' of starch whieh'have been made into 
a paste with water. Boil for three hours. Then add powdered 
chalk or marble until the acid is completely neutralized, and 
then filter. Finally evaporate tUe filtrate to a thick syrup, 
and then set it away in a cool place. Note the taste, aud from 
time to time examine the solution for crystals of glucose. 



i 
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The i)rece(ling experiment illustrates in a general way 
the process employed in manufacturing glucose. Glucose 
is now extensively used in the manufacture of candy and 
syrups and for the adulteration of cane sugar. It is 
cheaper than cane sugar, and is not so sweet. Unless 
properly purified it contains some substances which act 
upon the system like the pernicious fusel oil found in 
impure alcoholic liquors. 

Exp. 101. Test samples of sugar, candy, and syrups for 
glucose,, thus : First i)repare one-half litre of Fehling's solu- 
tion as follows : Dissolve 17.32*^ pure copper sulphate in a 
small quantity of water, and then add 100* of Rochelle salts 
(sodium potassium tartrate). Then add about 300** of a solu- 
tion of sodium hydroxide of a specific gravity 1.12. Then 
dilute to one-half litre by adding pure water. 

Now place about 10*='^ of the clear blue solution thus pre- 
pared in a large test-tube, and boil. While still boiling add a 
few drops of a water solution of the substance to be tested, and 
continue the boiling for a short time. Then add a few drops 
more of the same solution, and boil as before. If the Fehling's 
solution loses color, add more of the substance to be tested, 
and boil. Continue this process until the color is destroyed. 
Xow allow the solution to stand a short time, and if a reddish 
precipitate of cuprous oxide collects in the tube, glucose is pres- 
ent. Cane sugar has no reducing effect on the copper solution. 

Levulose, which has already been mentioned several times, 
occuis with dextrose in fruits, etc. It it a la^vo-rotary iso- 
mer of dextrose that does not crystallize. It is nearly as 
sweet as cane sugar. 

THE AM7LOSES. 

246. Starch, or Amylum, (C6Hio05)„. — Starch occurs in 
nearly every part of most growing plants, and especially of 
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those plants contaming elilnropbyll. It is formed from tin? 
protojjltwm whiuh the ulilorophyll cells contain. But the 
largest deposits are to he found in seeds, grains, tuhers, 
bulbs, and piths, where the starch is stored away to fur- 
nish material for the next season's growth. Some biennial 
and perennial plants make deposits of starch in tlieir 
thickened leaves for the same purpose. 

Exp. 102. Agitate about 1(H)" of wheat braa with sufficient 
water to forui a thin paste. Filter through a linen cloth, using 
pressure if necessary. Allow the filtrate to stand for aome 
time. Test tlie white sediment tliat is deposited for starch, by 
moistening a part of it with a dilute solution of iodine in potas- 
sium iodide solution. If starch be present, it will turn blue. 
Moisten a second portion of the sediment with a dilute solution 
of potassium iodide, and then examine it with a microscoire 
magnifying from 200 to 300 diameters. Similarly prepare and 
test starch from corn and potatoes. Also examine the pith of 
growing twigs of trees for starch. 

Starch is prepared for commerce from a variety of sub- 
stances, such as corn, wheat, arrow-root, and potatoes. In 
one of the common processes employed, the starch is washed 
out of the moistened and finely divided substance by means 
of water, after which it is allowed to ferment in order to 
destroy some of the impurities present. Finally, it is 
washed in pure water by decantation. 

Tlie grains of starch exhibit under the microscope pecul- 
iar markings and forms which differ according to the source ■ 
from which the stai'ch was obtained, Thiia the microscope 
is able to reveal the origin of any sample o£ starch as well 
as to expose any adulteration. The markings are more 
clearly hriiught not by treating the sbircb Avitb dilute 
potassium liydioxidc sylution. 
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The largest grains of starch occur in the potato, while 
the smallest are found in rice. 

When starch is heated to 205°, it is converted into an 
isomer termed Dextrine, This is much used as a substitute 
for gum arabic. The backs of postage stamps and the 
flaps of envelopes are gummed with dextrine. 

When the starch is moistened with a mixture of dilute 
hydrochloric and nitric acids, the conversion into dextrine 
takes place at from 100° to 125°. In fact, most of the dex- 
trine of commerce is prepared in this way. 

247. The Gums, (CgHjoOs)^. — Of the gums, gum arabic 
and gum tragacanth are well-known examples. Gum 
arabic exudes from several species of acacias, which are 
natives of tropical regions. These gums are used for mak- 
ing mucilage, confectionery, and inks, and for many phar- 
maceutical purposes. 

Nearly every kind of wood and vegetable tissue carries 
gummy substances, which are usually soluble in water. 

248. Cellulose, (CeHioOs)^. — Cellulose occurs in all plants, 
since it forms the basis of all cell-walls. But it seldom 
occurs pure, as some of the solids which the sap carries in 
solution are deposited in the cell-walls during the growth 
of the tissues. 

Cellulose is of great importance, since it forms the bulk 
of many fibres which are used in enormous quantities. 
Among these fibres may be mentioned cotton, hemp, flax, 
and wood fibres which are extensively used for making 
cloth, cordage, paper, etc. 

Gnn-Cotton, or cellulose hexnitrate, Ci2H,4(N03)eOio, is a 
powerful explosive prepared by fii-st treating cotton wool 
with alkalies to remove gummy mattei-s, after which it is 
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treated with a mixture ot strong nitric and sulphuric acids. 
Finally, it in washed witli much pure water until eveiy 
trace of free acid is removed in order to prevent sponta- 
neous decomposition, which is often accompauied by disas- 
trous explosions. 

Collodion is a solution of some of the lower nitrates of 
cellulose in a mixture of alcohol and ether. It is used in 
surgery and in photography. 



349. The GlucosideB. — Under this name are included a 
number of substances occiu'riug in plauts. On deuompo- 
aition they yield a glucose together with other substances. 

Amygdalin, Cg,lij,NO„ + S HjO, occurs in bitter almonds, 
apple seeds, peach pits, etc. 

Salicin, CijlIisO?, is found in the bark of willows, and 
in the bark and leaves of poplin's. 

The Tannins occur in the Ixirks of certain trees, but 
more especially in the gall-nut« found on oak-trees. The 
tannins have the property of forming inks with ferric salts. 
They ai* largely used for that purpose, and for tanning 
leather. 



CHAPTER XIX. 

THE TERPENES, BENZENES, STYRENES, NAPHTHALENES, 
AND ANTHRACENES, AND THEIR DERIVATIVES. 

THE TERPENES, C„H2n-4. 

250. The Terpenes, CjoHie. — Of this series of hydrocar- 
bons, the turpentines, the camphors, and certain essential 
oils are among the best-known compounds. 

Turpentine^ CioHjg, is the product of southern pine-trees, 
Pinus australis. Turpentine is also obtained in some 
parts of Europe. A tree is wounded, and the pitch which 
oozes out is allowed to collect in a box or pocket which is 
cut into the tree. In France a vessel is used to collect the 
pitch. From time to time the pitch is gathered up until 
a sufficient quantity has been collected, when it is sub- 
jected to distillation. The turpentine distils over, and the 
solid residue is sold under the name Rosin, 

Ex. State the uses of turpentine. 

When turpentine is acted upon by hydrochloric acid, a 
peculiar substance called Artificial Camphor^ CioHigHCl, 
is produced. This substance closely resembles camphor. 

Camphor^ or Laurinol^ CioHigO, is obtained by distilling 
with water chips of Laurus camphor a^ a tree growing in 
China and Japan. 

Borneo Camphor^ CioHigO, occurs in Dryohalanops cam- 
phora^ a tree native to Borneo and the adjacent islands. 
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Belonging to the terpena series are a lai^e nuTnl>er of 
esaf'ntial oils that occur in various parts of different plants. 
Among these oils those of lemon, bei^amot, neroli, mace, 
sassafras, bay, anise, fennel, peppermint, spearmint, laven- 
der, and rosemary may be mentioned as consisting princi- 
pally of terpenes. 

Closely allied to the terpenes is Caoutchouc, or Indian 
Rubber, which consists of the dj-ied milky juice of the 
Jctropha elmtica and other kindred plants. 

Vulcanized rubber contains from twelve to fifteen per 
cent of sulphur, and is prepared by heating caoutchouc 
with sulphur to about 150°. At higher temperatures Vul- 
canite or Ebonite is obtained. 
, Gutta PfircJia is the dried juice of a tree, laonandra 
percha, a native of the East Indies, 



351. Benzene, CaHo. — This series is often called the 
Aromatic •Series, since several fragrant compounds belong 
to it. The lowest known term is Benzene (not tlie com- 
mercial benzine, which is a mixture of paraffin hydrocar- 
bons), or, as it is sometimes called. Benzol. 

Coal tar has been mentioned as one of the by-products 
in the manufacture of illuminating gas ; and it is from this 
source tliat benzene is chiefly obtained. Tlie crude tar ia 
subjected to fractioual distillation. The "fii-st runnings," 
which include all products boiling under 110°, contain 
small quantities of benzene. The "light oil," however, 
coming over between 110° and 210° contains benzene in 
larger quantities. From this light oil benzene is separated 
and purified by fiirther fractional distillation and by treat- 
ment with sulphuric acid and caustic soda. 
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Benzene is a colorless, strongly refracting liquid, pos- 
sessing a characteristic odor, and burning with a luminous 
but smoky flame. It boils at 80.5°. It serves as an excel- 
lent solvent for various fats, resins, alkaloids, etc., and it 
is extensively used in the manufacture of the aniline dyes. 

Benzene forms both substitution and addition products ; 

but in all these compounds all six carbon atoms appear. 

Various facts noted in the chemical behavior of benzene 

have led to the adoption of a graphical formula in which 

the carbon atoms are arranged in the form of a ring or 

closed chain, the carbons being connected alternately with 

one and two linkages. This formula may be represented 

as follows : — 

H 

I 



H 

Now the substitution products of benzene are made by 
replacing one or more of the hydrogens, leaving the carbons 
undisturbed. 

In the best known of the addition products, benzene acts 
like a hexad radical, thus : benzene hexchloride, CgHgCle ; 
benzene hexbromide, CeHeBrg. To account for these com- 
pounds, the supposition has been made that one of each of 
the double links has been broken, thus giving up six bonds 
to new uses. 

Since any one or '^"'^ of the hydrogens of benzene may 
be replaced by a radical ; and further, since the hydrogens 
of these substituted radicals may be replaced by elements 
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or radioals ; and again, since each compound may have sev- 
eral isomers, it is evident tliat the derivatives to be obtained 
from benzene are simply innumerable. 

Of the homologous series of which benzene is the first 
member, four members are known : — 

Benzene CaHj. 

Toluene CjHg. 

Xylene CbHi,. 

Cymene CuHij. 

We can here notice only a few of tlie most important 
compounds derived from this series, 

252. Phenol, Phenyl Aloohol, or Carbolic Aoid. C,^sOH. — 
Phenol, although a true alcohol corresponding to the 
hydrocarbon benzene, is ([uite generally known aa carbolic 
acid. It is prepared from that fractional distillation prod- 
uct of coal tar which boils between 150' and 200°, The 
"middle oil" obtained between these temperatures is 
treated with caustic soda and afterward with sulphuric 
acid. 

Now since phenol forms a hydrate with water which 
splits up into the pure acid and water upon distillation, 
this reaction is used for the final purification of the better 
grades of carbolic acid. 

Phenol possesses a characteristic odor, is soluble izi 
water, and wlien taken internally it is a violent poison. 
It is much UHed as a disinfectant. 

Phenol forms a well-deflned series of derivatives, among 
which is trinitrophenol, or Picric Acid, C'«HitNO,)„OH. 
Picric acid is a very bitter poisonous substance which is 
used alone for dyeing silk and woollen goods yellow. 
With other dyes it is used for producing different shades. 
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Picric acid is now manufactured by the action of nitric 
acid on phenolsulphonic acid, C6H4(OII)S03H, although 
it is to be had by the use pf phenol and nitric acid. 

253. Eesorcin and PjrrogalloL — It will be noticed that 
phenol is a monad alcohol, but just as one would expect 
there are other benzene alcohols. Resorcin^ C6H4(OH)2, 
is a diad alcohol obtained by melting various resins with 
caustic potash. It is largely used in manufacturing dyes. 

Pyrogallol, or Pyrogallic Acid^ C6H3(OH)3, is a triad 
alcohol obtained by subliming gallic acid at from 210"* 
to 220°. It is found in commerce as lustrous, flaky, or 
acicular crystals. It is used as a reagent in gas analy- 
sis on account of the ease and rapidity with which it 
absorbs oxygen. It is also used in photography as a 
developer. 

254. Nitrobenzene, C6H5NO2. — Nitrobenzene is a light 
yellow, strongly refracting liquid which has an odor re- 
sembling the oil of bitter almonds somewhat modified by 
another odor suggesting oil of cinnamon. 

It is manufactured in large quantities under the name 
of artificial oil of bitter almonds or essence of mirbane. 
It is prepared by treating benzene with a mixture of strong 
nitric and sulphuric acids. The crude oil is purified by 
passing through it a current of steam, after which it is 
treated with caustic soda and distilled with steam under 
pressure. 

Although nitrobenzene is somewhat poisonous, and has 
an irritating effect on the skin, nevertheless it is used in 
perfuming the cheaper grades of soap. But the largest 
quantities are employed in the manufacture of aniline, 
aniline blue, aniline black, and magenta. 
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255. Aniline, Amidobenzene, or Fhenylamine, CHjIfH.. — 

Aniline ia now manufactured in eiiormons quantities for 
use in preparing the aniline dyes. It is obtained by the 
action of nascent hydrogen on nitrobenzene. The nitro- 
lienzene is placed in a large iron cylinder fitted with a 
stirring apparatus, and the hydrogen is furnished by add- 
ing directly to it hydrochloric acid and iron. The crude 
product is purified by distillation- 
Aniline is a colorless liquid of a characteristic odor and 
possessing strong basic properties. It forms definite salts 
with the ordinary acids, and together with ita compounds 
it ia invaluable to the color industry. It acta upon the 
system as a powerful poison. 

256. The Toluenes. — Toluene, C,H„, is obtained by dis- 
tilling toluic acid with an excess of lime. It occurs natu- 
rally in petroleum, and can be obtained by various reactions 
upon benzene. 

The Oregoh, CjIIbO. of which there are three isomers, 
occur in coal tar, pine tar, and creosote. 

The toluene alcohol, C,H,OII, ia called Bemyl Alcohol. 
It occurs in balsam of Peru and in balsam of Tolu. 

The aldehyde of benzyl alcohol, C7HJO, or benzoic alde- 
hyde, is the true Oil of Sitter Almonds. It occurs in a 
glucoside, amygdalin, one of tlie eoustituenta of bitter 
almonds, cherry pits, laurel leaves, etc. Under the influ- 
ence of emulsin, a ferment found in amygdalin itself, 
amygdalin breaks up into glucose, prussic acid, and oil 
of bitter almonds : — 

C„Hi„NO|, -t- 2 H,0 = 2 C,II,jOg + HCN -|- C,H„0. 

Benzoic aldehyde on oxidation passes into Benzoii; Acid, 
CjHjOj, a monobasic acid occurring in gum benzoin and 
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the balsams of Peru and Tolu. It also occurs in the urine 
of herbivorous animals. Benzoic acid may be obtained in 
a variety of ways, but the best commercial article is ob- 
tained by subliming gum benzoin. Cheaper forms are 
prepared from the urine of cows and horses, and by the 
oxidation of toluene. 

Exp. 103. Place a small quantity of benzoic acid in a 
beaker with no lip, and then fit a paper funnel over the mouth 
of the beaker. Place the apparatus on the sand-bath and heat 
gently. Note the sublimate of benzoic acid which collects 
inside the funnel. 

Salicylic Acid^ CyHgOs, occurs as methyl salicylate in oil 
of wintergreen, from which it is prepared for commercial 
purposes. It is also prepared by treating benzene with 
caustic soda and carbon dioxide. Salicylic acid is now 
largely used as an anti-ferment and in medicine. 

Gallic Acid^ CzHeOs, occurs in many plants, such as 
sumach, Chinese tea, and in nut-galls. It is prepared 
from nut-galls by the fermentation of the tannin which 
they contain. 

Tannic Acid^ C14H10O, also occurs in nut-galls, from 
which it is obtained for commerce. 

Nitrotoluene, C7H7NO2, is prepared by treating toluene 
with nitric acid. By reduction with hydrogen this sub- 
stance is reduced to Amidotoluene^ C7H7NH2, which is a 
necessary constituent of the red and violet aniline colors. 
This substance occurs as an ingredient of commercial 
aniline. 

There are three isomeric Xylenes^ CgHjo, all to be ob- 
tained from coal tar. Cymene^ CJIig, occurs in oil of cara- 
way and in oil of thyme. It can be prepared from the 
terpenes. 
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Closely related to the benzene derivatives is the common 
substance known aw Indii/o. The indigo plants are natives 
of tropical countries. From them indigo is prepared by 
placing the plants in tanks and covering them with water. 
Fermentation sets in, and when it is completed the water 
solution is drawn off, carrying the coloring-matter in solu- 
tion. Upon standing, the indigo is precipated, when it is 
collected, pressed, and dried ready for the market. The 
value of indigo depends upon the amount of Indigo Blue, 
or Indiyotin, C,jH|oNjOj, which the crude article contains. 
Indigo is now prepared artificially. 

THS ST7RENES, OR CUTNAMINIiS, C„H»,,e- 

257. Styrene, or Cianamine, CgHs. — This hydrocarbon 
occurs in liquid storax, a fragrant, honey-like substance 
which yields styrene upon distillation with water and 
sodium carbonate. 

Styryl alcohol, C,H|oO, belongs to this aeries, and its al- 
dehyde, ciiinamic aldehyde, CaHgOa, constitutes the greater 
part of the essential oil of cinnamon. Cinnamic acid, 
CgHjO^ closely resembles benzoic acid. It occui's in storax 
and in balsam of Peru. This acid is now manufactured on 
the large scale by treating benzyl chloride, CrHsClj, with 
sodium acetate. 

THE NAPHTHALENES, C„H2„ jn. 

258. Naphthalene. C„iR^ — Tliis hydrocarbon occurs in 
large quantities in the heavier portions of coal tars, 
boiling between 180° and 220°. It crystallizes in large 
pearly plat«s. FroTn cai-eful studies of the chemical 
behavior of naphthalene it has been discovered that tiis 
hydrocarbon consists of two benzene residues which con- 
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tain two carbons in common. The following formula 
will show its constitution : — 

H H 

I I 



I I 

H H 

Naphthalene, C^oHg. 

Naphthalene forms many derivatives, and among them 
are some of the most beautiful dyes. Thus Martins' Yel- 
low, CioH50H(N02)2, Naphthol Yellow S., KaCioH^NgSOg, 
and other splendid colors belong to this series. 



THE ANTHRACENES, C„H 



2n-18« 



259. Anthracene, Ci4Hio. — Anthracene is prepared from 
those portions of coal tar boiling between 340° and 360°. 
It crystallizes in white, silky scales or plates, and like 
naphthalene it furnishes beautiful dyes. Its constitution 
is exemplified by the following formula : — 

H H 

I I 

C H C 

// \ I / % 
H-C C-C-C C-H 

I II I II I 

H-C C-C-C C-H 

% / I \ ^ 
C H C 

I I 

H H 

Anthracene, C^^Uiq. 
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Among the dyes derived from anthracene we may men- 
tion Alizarin, C14H8O4, and Purpurin, C14H8O5. These 
substances are found naturally in madder root, which 
has been used from the earliest times as the source 
of a red dye. Formerly large tracts of land were devoted 
to the cultivation of the madder plant, but now Turkey 
Red, as this dye is called, is nearly all obtained from 
coal tar. 



CHAPTER XX. 

THE ALKALOIDS AND THE ALBUMINOIDS. 

260. The term Alkaloids is applied to a class of sub- 
stances contained in a large variety of plants, and espe- 
cially those containing medicinal and poisonous principles. 
Our knowledge of the constitution and relations of these 
substances is extremely limited, and in most cases entirely 
wanting. 

The alkaloids are optically active on polarized light; 
some being dextro-rotary, and some being Isevo-rotary. In 
their chemical beliavior they resemble the amines and the 
amides ; and they all contain carbon, hydrogen, and nitro- 
gen, and nearly all contain oxygen. 

They are nearl} all crystallizable, especially those that 
are solids ; and they form crystallizable salts with the 
ordinary acids. 

Conine^ CgHjjN, the active principle of poison hemlock, 
and Nicotine^ C10H14N2, the active poison found in tobacco, 
are liquids. These are among the most important of the 
liquid alkaloids. 

Caffeine^ C8H10N4O2, is found in tea and coffee, and in 
other plants that are used to prepare infused beverages. 
Theobromine^ C7H8N4O2, is found in cocoa. 

Opium, the dried sap of certain species of poppies, fur- 
nishes about nineteen different alkaloids, which possess 
more or less active properties. Among the more note- 
worthy are Morphine^ CiyHjgNOg.HgO; Codeine^ CigHjiNOg; 
22s 
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Thebaine, C„H,,NOa; and Narcotine, C^H^NO;. The sul- 
phates of these alkaloids are most used. 

Cinchona bark furnishes about twenty-one alkaloids, of 
which Quinine, CioHj^NjOn and Cinehonine, C^HaNjO, are 
the most important. The sulphates and chlorides of these 
alkaloids find extended use. 

Nux vomica furnishes the powerful poisons, Stri/chnine, 
Cflll^A' and Brucine, C^H„NA-4H,0. 

The reader is refen-ed to any of the standard works on 
pharmacy, or to the dispensatories, for lists and descrip- 
tions of the crude drugs and alkaloids used in medicine. 

Sifil. The Albnminoidfl are compounds of very complex 
constitution, couueniing which our knowledge is quite 
incomplete. They do not ciystallize, but exist in an 
amorphous, jelly-like form ; and in consequence it is 
nearly impossible to obtain them in a state of aufficient 
purity to enable us to detei'mine vrith exactitude the pro- 
portions in which their constituents unite, or even to be 
certain what elements are present in the pui'e compounds. 

Nevertheless, these compounds are of great importance 
to both plants and animals. In plants they occur in nearly 
every part, but more especially in the seeds. In young 
and growing plants, particularly those used as food for 
man and animals, the albuminoids are quite generally dia- 
tributed throughout the tissues. 

Gluten is the albuminoid found in gi'ains, and is a sticky, 
elastic substance which gives tenacity to dough. 

Albumen is found, in the purest form, in the whites of 
eggs. This substance may be obtained, as a Hocculent 
precipitate, by adding acetic acid to the white of an egg, 
and then diluting with water. Albumen also occurs in tlip 
1 of blood. 
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Fibrin may be obtained from fresh blood by whipping it 
with a bundle of twigs. Fibrin, when thus obtained, and 
after washing with water, appears in the form of whitish 
threads, which are tasteless and insoluble in water. Fibrin 
remains in solution while the blood is circulating through 
its proper channels ; but on removing the blood from the 
circulation, the fibrin immediately causes coagulation. 

Casein is the albuminoid found in milk, and separates 
out as curd when the milk becomes sour. 

The albuminoids possess in common the property of 
coagulating, upon the application of heat, or by con- 
tact with alcohol. They readily undergo putrefaction, 
and in other respects their resemblances are close. 

They all contain sulphur, and many of them contain 
phosphorus, beside carbon, nitrogen, hydrogen, and oxy- 
gen. No formula can, with certainty, be assigned to 
albumen. 
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Meildejohn's English Language (see under English Language). 90 cts. 

Meiklejohn's History of English Literature. 1x6 pages. Part iv of English 

Literature, above. 45 cts. 

Hodgkins' Studies in English Literature. Gives full lists of aids for laboratory 

method. Scott, Lamb, Wordsworth, Coleridge, Byron, Shelley, Keats, Macaulayt 
Dickens, Thackeray, Robert Browning, Mrs. Browning, Carlyle, George Eliot, Tenny- 
son, Rossetti, Arnold, Ruskin, Irving, Bryant, Hawthorne, LongfeUow, Emerson, 
Whittier, Holmes, and Lowell. A separate pamphlet on each author. Price 5 cts. each) 
or per hundred, $3.00 ; complete in cloth (adjustable file cover, $1 .50). $1.00. 

Scudder's Shelley's Prometheus Unbound. With introduction and copious 

notes. 70 cts. 

George's Wordsworth's Prelude. Annotated for high school and college. Never 
before published alone. 80 cts. 

George's Selections from Wordsworth. x68 poems chosen with a view to illustrate 

the growth of the poet's mind and art. $1.00. ^ 

George's Wordsworth's Prefaces and Essays on Poetry. Contains the best <tf 

Wordsworth's prose. 60 cts. 
George's Webster's Speeches. Nine select speeches with notes. I1.50. 

George's Burke's American Orations. Cloth. 65 cts. 

George's Syllabus of English Literature and History. Shows in parallel 

columns, the progress of History and Literature, ao cts. 

Corson's Introduction to Browning, a guide to the study of Browning's Poetzy. 

Also has 33 poems with notes. ^1.50. 

Corson's Introduction to the Study of Shakespeare. A critical study of 

Shakespeare's art, with examination questions. $1.50. 

Corson's Introduction to the Study of Milton, invest. 
Corson's Introduction to the Study of Chaucer. Jn^ess, 

Cook's Judith. The Old English epic poem, with introduction, translation, glossary and 
facsimile page. ^1.60. Students' edition without translation. 35 cts. 

Cook's The Bible and English Prose Style. Approaches the study of the Bible 

from the literary side. 60 cts. 

Simonds' Sir Thomas Wyatt and his Poems. x68 pages. With biography, and 

critical analysis of his poems. 75 cts. 
Hall's Beowulf. A metrical translation, j^i.oo. Students* edition. 35 cts. 

Norton's Heart of Oak Books. A series of five volumes giving selections from th« 

choicest English literature. 

Phillips's History and Literature in Grammar Grades. An essay showing tiic 

intimate relation of the two subjects. 15 cts. 

See oho our list of hooks /or the study of the English Leutguage, 
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BOSTON. NBVr YORK* CHICKGO. 
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'b SnggestiTe Lessons in Language and Reading. A manual 

iFachrra, Plain and praolicali being a IranKiipl o( work aciiiallj' done 


for p* 
in Ihe 
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's Stepping-stones to Reading.— APtlmer. Supplemcni!. ihe a 


83-page 




dIoUow 


Bass's Watuie Stories for Young Readers: Plant Life, iniended to 

menl [he finrt and Menu d readrag-biKllw. Boards. 30 dts. 
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Bass's Nature Storiea for Yoiug Readers: Animal Life, (^.aics 
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Fuller's 
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Illustrated Primer. PreienU Ihe word-melhod In a veiy allraclive 
.ung.M leidcn. Boardi. 30 els. 
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Hall's How to Teach Reading. Trtsaiheimponaniquejiion: whai chiiditi 

and ihould noi read. Papir. ij cK. 
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Leaves and Flowers. Designed for lupplemenlarr teading; is losa 
llc..-b:«kolel™euIaiy botany. Boaidl. joctl. 
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S Nature Reader, No. I. Deicribei crabi, wa>p>, ipiden, bc-g, m 
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Wright' 


a Nature Reader, Ho. II. I>e»criht. anH, flies, eaUh-worml, beetti 
1 and oar-fioh. Boards. 4°cls. 
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History. 



Sheldoa's General History. For high school and college. The only history f61< 
lowing the " seminary " or laboratory plan, noMT advocated by all leading teachers. 
Price, ^i.6o. 

Sheldon^B Qreek and Soman History. Contains the first 250 pages of the above 
book. Price, 3i.oo. 

Teacher's Kanual to Sheldon's History. Puts into the instmctOi 's hand the key 
to the above system. Price, 80 cents. 

Sheldon's Aids to the Teaching^ of General History. Gives list of essential 
books for reference library. Price, 10 cents. 

Bridgman's Ten Tears of Kassachusetts. Pictures the development of the 
Commonwealth as seen in its laws. Price, 75 cents. 

Shumway's A Day in Ancient Some. With 59 illustrations. Should find a place 
as a supplementary reader in every high school class studying Cicero, Horace 
Tacitus, etc. Price, 75 cents. 

Old South Leaflets on IT. S. History. Reproductions of important political and 
historical papers, accompanied by useful notes. Price, 5 cents each. Per hun- 
dred, ^3 00. 

This general series of Old South Leaflets now includes the following subjects : 
The Constitution of the United States, The Articles of Confederation, The De- 
claration of Independence, Washington's Farewell Address, Magna Charta, Vane's 
" Healing Question," Charter of Massachusetts Bay, 1629, Fundamental Orders 
of Connecticut, 1638, Franklin's Plan of Union, 1754, Washington's Inaugurals, 
Lincoln's Inaugurals and Emancipation Proclamation, The Federalist, Nos. i 
and 2, The Ordinance of 1787, The Constitution of Ohio, Washington's Letter to 
Benjamin Harrison, Washington's Circular Letter to the Governors. (38 Leaflets 
now ready.) 

Allen's History Topics. Covers Ancient, Modem, and American history, an(} 
gives an excellent list of books of reference. Price, 25 cents. 

Fisher's Select Bibliog^. of Ecclesiastical History. An annotated list of tht 
most essential books for a Theological student's library. Price, 15 cents. 

Hall's methods of Teaching^ History. " Its excellence and helpfubess ought to 
secure it many readers." — The Nation, Price, 5^1.50. 

Wilson's The State. Elements of Historical and Practical Politics. A text-book 
for advanced classes in high schools and colleges on the organization and func- 
tions of governments. Retail price, ^2.00. 



D. C. HEATH & CO., Publishers, 

BOSTON, NEW YORK AND CHICAGO. 



Civics. Economics, and Sociology. 



Bontwell's The CODstitutiOQ of the United States at the Eod of the First 

Century- Cumaios the Organic La»i of die United SlalEs. with referenCEI to tht 
decisions nf the Supreme Court which clucidaic the loit, ind an histotiuJ chapter re- 
viewing the steps which led xo the adaptjan oi these Oijwiic Laws, lufrta. 

Dole's The American Citizen. DeilEnedaimeit-boaklnanaandmanlsfor the 
higher grades of the grammar achonl as well as (or the high school and acadBmy- Con- 
laini Constitution ot United States, with analysis. jjS pages. Ii.no. 

Special cditiooB are made [or Illinois, Indiana, Ohio, Missouri, Nebraska, No. Dakota, 
So. Dakota, Wisconsin, Hiaonou, Kansas, Texas. 

Goodale'a Questions to Accompany Dole's The Aroeiican Citizen. Cdo- 

Bj pages. Paper, ij cIi. 



Wilson's The State. Elements of Hlstotical and Practical PoUdcs. A teal-boc 

»J,0o. 

Wilson's United States GoTemment. For gramnm and high schods. i4op. 
Woodbnni and Hodgin's The American Commonwealth. Contains se 

studies olthemfo and periods, s^'^P'Ses. (ijo. 

1/ by mail, post poid on reitiple/pHets. Sir ,i!sB our IhlofboBki in Iltsl 

X C. HEATH & CO., PUBLISHERS, 

BOSTON. MBW YORK. CHICAGO. 



SCIENCE. 

ShalerS First Book in Geology. For high school, or highest clas« in gnunmai 
school, ^i.io. Bound in boards for supplementary reader. 70 cts. 

Ballard's World of Matter, a Guide to Mineralogy and Chemistry. |i.oo. 

Shepard'S Inorganic Chemistry. DescriptiveandQualitative; experimental and 
inductive ; leads the student to observe and think. For high schools and colleges. I1.25. 

Shepard's Briefer Course in Chemistry ; with Chapter on Organic 

Chemistiy. Designed for schools giving a half year or less to the subject, and schools 
limited in laboratory facilities. 90 cts. 

Shepard's Organic Chemistry. The portion on organic chemistry in Shepard's 
Briefer Course is bound in paper separately. Paper. 30 cts. 

Shepard's Laboratory Note-Book. Blanks for experiments: tables for the re. 
actions of metallic salts. Can be used with any chemistry. Boards. 40 cts. 

Benton's Guide to General Chemistry, a manual for the laboratory. 40 cts. 

Remsen's Organic Chemistry, ^n introduction to the study of the Compounds 
of Carbon. For students of the pure science, or its application to arts. ^1.30. 

OmdOrff's Laboratory Manual, containing directions for a course of experiments 
in Organic Chemistry, arranged to accompany Remsen's Chemistry. Boards. 40 cts. 

Coit's Chemical Arithmetic, with a short system of Elementary Qualiutive 
Analysjff For high schools and colleges. 60 cts. 

Grabfield and Bums' Chemical Problems. For preparatory schools. 60 cts. 

Chute's Practical Physics, a laboratonr book for high schools and colleges study- 
ing pnysics experimentally. Gives free details for laboratory work. $1.25. 

ColtOn's Practical Zoology. Gives a clear idea of the subject as a whole, by the 
careful study of a few typical animals. 90 cts. 

Beyer's Laboratory Manual in Elementary Biology, a guide to the 

study of animals and plants, and is so constructed as to be of no help to the pupil unless 
he actually studies the specimens. 

Clark's Methods in Microscopy. Xhisbookgivesin detail descriptions of methods 
that will lead any careful worker to successful results in microscopic manipulation. ^1.60. 

Spalding's Introduction to Botany. Practical Exeruses in the study of Plants 
by the laboratory method. 90 cts. 

Whiting's Physical Measurement, intended for students in civil, Mechanl- 
cal and Electrical Engineering, Surveying, Astronomical Work, Chemical Analysis, Phys- 
ical Investigation, and other branches in which accurate measurements are required. 

I. Fifty measurements in Density, Heat, Light, and Sound. $1.30. 
II. Fifty measurements in Sound, Dynamics, Magnetism, Electricity. I1.30. 



III. Principles and Methods of Physical Measurement, Physical Laws and Pnnci- 
oles. and Mathematical and Physical Tables. $1.30. 

the use of Teachers, including examples of observation and re- 
duction. Part IV is needed by students only when working without a teacher. 



IV. Appendix for 



^1.30. 
Parts I-III, in one vol., J3.25. Parts I-IV, irr one vol., J4.00. 

Williams's Modem Petrography. An account of the application of the micra 
scope to the study of geology. Paper. 25 cts. 

For elementary works see our list of hooks in Elementary Science, 

D. C. HEATH & CO., PUBLISHERS. 

BOSTON. NEW YORK. CHICAGO. 
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